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ADVERTISEMENT. 


The  present  series,  entitled  "Smithsonian  Miscellaneous  Collections,"  is 
intended  to  embrace  all  the  publications  issued  directly  by  the  Smithsonian 
Institution  in  octavo  form ;  those  in  quarto  constituting  the  "  Smithsonian 
Contributions  to  Knowledge."  The  quarto  series  includes  memoirs,  embrac- 
ing the  records  of  extended  original  investigations  and  researches,  resulting 
in  what  are  believed  to  be  new  truths,  and  constituting  positive  additions  to 
the  sum  of  human  knowledge.  The  octavo  series  is  designed  to  contain 
reports  on  the  present  state  of  our  knowledge  of  particular  branches  of 
science;  instructions  for  collecting  and  digesting  facts  and  materials  for 
research ;  lists  and  synopses  of  species  of  the  organic  and  inorganic  world ; 
museum  catalogues ;  reports  of  explorations ;  aids  to  bibliographical  investi- 
gations, etc,  generally  prepared  at  the  express  request  of  the  Institution, 
and  at  its  expense. 

The  assignment  of  a  work  to  one  or  the  other  of  the  two  series  will  some- 
times depend  upon  whether  the  required  illustrations  can  be  presented  more 
conveniently  in  the  quarto  or  the  octavo  form. 

In  the  Smithsonian  Contributions  to  Knowledge,  as  well  as  in  the  present 
series,  each  article  is  separately  paged  and  indexed,  and  the  actual  date  of 
its  publication  is  that  given  on  its  special  title  page,  and  not  that  of  the 
volume  in  which  it  is  placed.  In  many  cases  works  have  been  published, 
and  largely  distributed,  years  before  their  combination  into  volumes. 

While  due  care  is  taken  on  the  part  of  the  Smithsonian  Institution  to 
insure  a  proper  standard  of  excellence  in  its  publications,  it  will  be  readily 
understood  that  it  cannot  hold  itself  responsible  for  the  facts  and  conclusions 
of  the  authors,  as  it  is  impossible  in  most  cases  to  verify  their  statements. 

S.  F.  BAIED, 

Secretary  S.  I, 
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ADVERTISEMENT. 


The  following  forms  the  fourth  part  of  a  general  work  on  the 
"Constants  of  Nature,"  of  which  the  first  thrtee  are  as  fol- 
lows: 

Part  I  and  Supplement. — Specific  Gravities,  Boiling  Points  and 
Melting  Points,  by  F.  W.  Clarke. 

Part  II. — A  Table  of  Specific  Heats  for  Solids  and  Liquids,  by 
F.  W.  Clarke. 

Part  III. — Tables  of  Expansion  by  Heat  for  Solids  and  Liquids, 
by  F.  W.  Clarke. 

The  manuscript  of  the  present  work  has  been  pres^ited  to  the 
Smithsonian  Institution  by  Mr.  O.  F.  Becker  and  is  published  at 
the  expense  of  its  fund. 

S.  F.  BAIRD, 
Secretary  Smithsonian  Institution, 

Washington,  August,  1880. 
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PREFACE. 


Of  the  fundamental  importance  of  the  most  accurate 
attainable  knowledge  concerning  the  true  atomic  weights 
of  the  elements  there  can  be  no  two  opinions.  If  the  enor- 
mous mass  of  known  facts  relating  to  the  properties  of 
matter  is  ever  to  be  brought  under  wide  generalizations,  it 
is  with  the  simple  substances  that  a  beginning  must  be 
made,  and  with  the  simplest  property  of  these  substances, 
the  relative  weights  of  their  ultimate  particles.  Berzelius 
held  this  view  and  the  labors  of  Mendelejeff,  Meyer  and 
others  leave  no  question  as  to  the  fact  of  a  relation  between 
the  atomic  weights  and  the  properties  of  simple  and  com- 
pound matter.  Accurate  information  on  the  subject,  how- 
ever, is  not  easily  attainable ;  different  writers  on  chemistry 
follow  different  authorities,  and  some  even  take  a  mean 
between  the  results  arrived  at  by  experimenters  of  different 
degrees  of  skill  and  accuracy,  or  assume  some  convenient 
number  without  experimental  foundation.  Nowhere,  to  my 
knowledge,  is  there  even  an  approximately  complete  list  of 
the  determinations  that  have  been  made. 

Forced  back,  myself,  upon  the  original  memoirs  for  in- 
formation, I  believed  that  I  should  do  other  chemists  a 
service  in  presenting  to  them  a  short  but  systematic  digest 
of  each  investigation  on  the  subject,  including  the  following 
points,  so  far  as  they  could  be  ascertained :  The  nature  of 
the  material  experimented  upon,  and  the  method  of  its 
preparation;  the  experimental  method  adopted  to  effect  the 
determination,  and  the  number  of  experiments;  the  mean 
result  reached  by  the  experiments,  and  the  extreme  differ- 
ence between  the  results;  such  a  record  of  the  constants 
employed  in  the  calculation  as  will  enable  any  one  to  recal- 
culate the  results  for  different  constants;  and  the  place  in 
literature  where  the  original  paper  is  to  be  found. 

The  following  pages  are  the  result.    From  the  information 
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he  will  find  in  them,  the  experienced  chemist  will,  in  most 
cases,  I  think,  be  able  to  decide  which  determination  offers 
the  best  guarantees  for  accuracy,  or  at  least  between  which 
determinations  his  choice  must  lie,  forming  his  judgment  to 
a  great  extent  independently  of  the  comparative  reputation 
of  the  observers — not  always  a  safe  guide  where  one  is,  in  a 
general  way,  the  unquestionable  superior  of  the  other — ^and 
no  guide  at  all  when  the  names  carry  on  the  whole  an  equal 
weight.  As  a  record  of  the  direction  investigations  have 
taken  and  of  analytical  methods  of  the  most  exact  character 
also,  I  hope  that  this  digest  may  not  be  without  value. 

As  this  compilation  would  serve  rather  to  mislead  than 
to  assist  investigators,  unless  it  be  accurate  and  practically 
exhaustive,  it  seems  proper  to  explain  the  manner  in  which 
it  has  been  prepared.  Believing  it  best  to  work  independ- 
ently of  any  previous  compilations,  I  selected  as  my  base 
the  three  great  German  ^o\xvnQ\&—Poggendorff^s  Annakn^ 
Liebig^s  Annaleriy  and  Urdmann^s  Journal  fur  Praktische 
Chemie.  My  choice  was  determined  not  only  by  the  posi- 
tion these  journals  take  in  chemico-physical  science,  but  by 
the  fact  that  their  indices  are  admirable,  and  their  tone 
cosmopolitan;  all  of  them,  until  lately,  having  furnished 
their  readers  with  the  scientific  news  of  the  time,  and  with 
abstracts  from  and  translations  of  the  important  papers 
published  elsewhere  and  in  whatever  language,  as  well  as 
with  original  investigations.  The  indices  of  these  journals 
I  read  through  from  beginning  to  end,  making  an  extract 
of  every  entry  which  bore  on  the  subject  of  atomic  weights, 
or  which  I  suspected  might  do  so.  In  studying  the  arti- 
cles thus  reached,  every  reference  to  other  atomic  weight 
determinations  was  preserved,  and  the  originals,  so  far  as 
possible,  sought  out ;  a  task  in  which  the  Royal  Society's 
Catalogue  of  Scientific  Papers  was  of  the  greatest  assistance. 
Having  exhausted  the  supply  of  information  in  these  jour- 
nals, I  turned  to  Berzelius^  Jahresbericht^  and  to  its  continua- 
tion edited  by  Kopp^  Liebig  et  aL,  and  made  a  study  of  their 
contents  by  the  same  method.  Later,  I  made  a  similar 
systematic  study  of  the  Annates  de  Chimie  et  de  Physique^  the 
Bericht  der  Deutschen  ChenUschen  Gesellschaftj  the  Chemical 
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NewSy  Fresenius^  ZeUscknfl  fiir  Analytkche  Chemky  the 
Jcwmal  of  the  Chemical  Society y  the  Proceedings  of  the  Royal 
Societyy  and  the  Philosophical  Transactions^  and  of  SiUiman^s 
American  Journal  of  Science.  I  have  also  made  some  use  of 
the  Philosophical  Magazine^  and  a  great  deal  of  use  of  the 
Paris  Oomptes  Rendus.  These  publications  are  not  so  in- 
dexed as  to  make  their  contents  readily  available;  but  what 
appears  in  the  Oomptes  Bendus  is  pretty  sure  to  be  noticed 
elsewhere,  and  I  scarcely  think  that  any  determinations 
there  published  have  escaped  me.  I  have  also  made  use  of 
the  BibUothkque  Dhiversdley  Archives  des  Sciences  of  Geneva, 
(an  incomplete  set,  unfortunately,)  the  Zeitschrift  fiir  Berg- 
Hiittenrtmd  Salinen-Wesen  im  Preussiscfien  Staate^  Thomson's 
Annals  of  Philosophy^  OUberfs  Annalen  der  Physik  tmd  der 
PhysikaUschen  ChemiCj  the  British  Association  BeportSy  the 
Transactions  of  the  Boyal  Society  of  JSdinburghy  the  Transactions 
of  the  Academies  of  Brussels  and  of  Sif,  Petersburg yB,nd  have  con- 
sulted numerous  works  on  chemistry,  particularly  BerzeUus* 
Lehrbvjch  der  Chemie  and  GmeUn-Kraufs  Handbuch  der  Chemie. 
I  have  not  thought  it  necessary,  or  even  desirable,  to  ex- 
tend my  search  for  atomic  weight  determinations  further 
back  than  Wollaston's  famous  "Table  of  Equivalents," 
published  in  the  Philosophical  Transactions  for  1814.  It  is 
true  that  numerous  determinations  had  been  made  before 
that  time,  but,  with  the  exception  of  those  mentioned  by 
WoUaston,  few  which  can  be  of  either  interest  or  value  to 
the  chemist  of  the  present  day,  except  from  a  purely  histori- 
cal point  of  view.  From  Wollaston^s  table  onwards,  I  have 
not  felt  that  the  purposes  of  this  paper  permitted  of  any 
selection  between  atomic  weight  determinations,  however 
valueless  many  of  them  might  appear  to  my  own  judgment. 
Indeed,  it  has  cost  me  more  labor  to  put  many  ill-made  and 
ill-reported  investigations  into  proper  form  for  this  digest 
than  was  required  for  a  majority  of  those  determinations 
upon  which  I  set  the  highest  value.  In  the  attempt  to  make 
a  complete  collection  of  the  determinations  since  the  time 
indicated,  a  few  may  have  escaped  my  search ;  but,  if  so, 
they  must  have  fallen  singularly  dead  upon  the  chemical 
world,  and  would  be  unlikely  to  repay  further  labor  in  seek- 
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ing  them.  On  the  other  hand,  I  have  rigidly  excluded 
atomic  weights  calculated  from  analyses  never  designed  so 
to  be  used.  Any  chemist,  upon  whose  experiments  we 
could  rely,  would  proceed  in  a  very  diflFerent  manner  in 
making  an  atomic  weight  determination,  from  that  which 
he  would  select  for  an  ordinary  analysis,  and  to  put  his 
credit  at  stake  by  calculating  atomic  weights  from  analyses 
not  designed  for  this  use  is  alike  unfair  to  him  and  to  the 
scientific  public,  which  is  asked  to  receive  as  an  atomic 
weight  determination  what  really  is  not  such. 

The  purpose  of  this  paper  is  distinctly  not  critical,  and 
the  remarks  I  have  added  to,  or  inserted  in,  the  digest  are 
simply  explanatory.  I  have,  however,  frequently  mentioned 
criticisms  which  have  appeared  in  literature  when  they 
seemed  pertinent. 

As  for  the  accuracy  with  which  the  digests  have  been 
made,  I  may  stat^  that  the  preponderating  importance  of 
this  point  has  been  constantly  before  my  mind.  In  the 
effort  to  crowd  the  maximum  amount  of  information  into 
the  fewest  words,  I  have  had  occasion  to  refer  to  most  of 
the  papers  digested  a  number  of  times,  and  at  long  inter- 
vals. I  have  always  taken  advantage  of  such  occasions,  as 
well  as  those  on  which  I  have  met  with  a  reprint,  transla- 
tion or  abstract  of  a  determination,  to  verify  the  rough 
draughts  of  my  digests.  Only  in  a  couple  of  instances  have 
I  thus  discovered  a  trifling  error.  On  the  other  hand,  I 
have  been  able  to  detect  and  point  out  numerous  misprints 
and  miscalculations  in  the  original  sources.  While,  there- 
fore, I  cannot  hope  entirely  to  have  escaped  error  in  the 
thousands  of  values  I  have  copied,  and  the  almost  equal 
number  of  calculations  I  have  made,  I  have  strong  hopes 
that  the  accuracy  of  this  digest  will  be  found  at  least  on  a 
par  with  that  of  the  original  papers. 

When,  as  is  the  case  with  provoking  frequency,  chemists 
have  given  their  analytical  data,  but  have  omitted  to  state 
the  atomic  weights,  or  other  constants,  assumed  in  calculat- 
ing their  results,  I  have  recalculated  their  data  with  accepted 
constants,  which  I  have  in  each'  case  stated.  I  have  also,  in 
many  instances,  recalculated  determinations  of  importance, 
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in  which  constants  varying  considerably  from  those  now 
received  were  assumed.  I  have  further  reduced  the  deter- 
minations originally  given  in  terms  of  0  =  100,  or  of  O  = 
16.96,  to  O  =  16.  No  confusion,  however,  will  be  found 
between  the  numbers  for  which  the  original  investigators 
are  responsible  and  my  own.  All  values  which  I  have  cal- 
culated are  in  italics,  or,  with  my  explanations,  enclosed  in 
square  brackets.  The  only  arithmetical  operation  I  have 
permitted  myself  to  perform  without  these  indications  is  a 
multiplication  or  division  by  two ;  and  even  in  such  cases 
it  will  usually  appear  from  the  digest  itself  that  this  opera- 
tion has  been  performed. 

The  abbreviations  of  the  literary  references  are  essentially 
those  adopted  in  the  Royal  Society^s  Catalogue  of  Scientific 
Papers.  The  first  reference  in  each  case  is  to  the  source 
upon  which  I  have  depended.  When  two  references  are 
necessary,  they  are  connected  by  the  word  and.  When  my 
authority  is  not  the  original  source,  that  to  which  it  is  ac- 
credited in  my  authority  is  also  mentioned. 

In  conclusion,  I  shall  be  grateful  to  any  one  who,  by 
drawing  my  attention  to  omissions  or  mistakes,  will  assist 
me  in  perfecting  a  labor  which  has  occupied  all  my  availa- 
ble time  for  twenty  months. 

Berkeley,  Cal.,  Aprils  1878. 


Postscript. 


In  preparing  the  following  paper,  I  designed  making  it 
preliminary  to  a  discussion  of  the  various  determinations 
and  of  the  value  to  be  assigned  to  each,  and  in  this  work  I 
had  already  made  some  progress.  After  presenting  this 
paper  to  the  Institution,  however,  I  learned  that  Prof.  F.  W. 
Clarke  had  been  for  some  time  engaged  on  a  similar  under- 
taking, and  to  him  I  gladly  resigned  the  discussion  of  the 
data  here  compiled.  The  two  papers  will  appear  in  the 
same  form,  and  may  be  regarded  as  complementary. 

G.  F.  B. 
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ATOMIC  WEIGHT  DETERMINATIONS. 


ALUMINIUM. 

The  specific  heat  of  alamiDium,  as^etermiDed  by  Regnault 
and  by  Kopp,  and  the  vapor  density  of  volatile  compounds, 
as  determined  by  Deville  and  Troost  and  bv  Odling,  indicate 
that  the  atomic  weight  of  this  element  is  about  27.5.  {Ome- 
Un-Kraviy  Hcmdbuoh  der  Chemie,  i,  89;  and  i.  Meyer ^  Modeme 
Theorien  der  Chemie^  60.) 

J.  J.  Bbrzblius  :  £7.^67  (O  =  16). 

100  parts  of  anhydrous  aluminic  sulphate  decomposed  bv 
heat,  gave  29.984  parts  of  oxide.  Preparation  not  described. 
Number  of  experiments,  probably  1.  In  Berzelius^  Lehrbuch 
these  data  are  calculated  for  S  =  200.75,  and  give  Al  = 
170.9  (O  =  100,)  or  e7.3U  (0  =  16.)  pf  S  =  32,  the  data 
^ve  Al  =  27.267.]    {Poggend.  Ann.y  *,  1826,  187.*) 

T.  Thomson  :  SO  {0  =  16).t 

Thomson  found,  probably  from  analysis  of  the  sulphate, 
(see  appendix,)  that  125  Al  =  100  0.  Thomson  supposed 
aluminic  oxide  to  be  a  protoxide.  [If  it  is  a  sesqui-oxide, 
the  data  give  Al  at  80.]  ( Thomson's  System  of  Chemistry y  7th 
ed.,  i,  1831,  464.) 

W.  W.  Mather  :  20.55  (O  =  16). 

According  to  this  chemist  0.646  grammes  of  chloride, 
prepared  according  to  Woehler,  gave  2.055  grammes  argen- 

»  This  article  by  Berzelius,  which  contains  the  particulars  of  a  large  part 
of  his  earlier  atomic  weight  determinations,  will  be  referred  to  frequently 
in  the  course  of  this  paper.  It  is  unfortunately  full  of  misprints,  all  of 
which  are,  by  no  means,  corrected  in  the  table  of  errata  at  the  end  of  the 
▼olume.  The  correctly  printed  values  of  the  atomic  weights  discussed  in. 
it  are  to  be  found  in  Poggend,  Ann,,  lo,  1827,  889. 

t  It  must  be  remarked,  in  justice  to  Dr.  Thomson,  that  his  atomic  weight 
determinations  are,  properly  speaking,  of  a  different  nature  from  those  of 
other  chemists.  So  thoroughly  persuaded  was  he  of  the  truth  of  Front's 
hypothesis,  (that  the  atomic  weights  of  the  elements  are  all  exact  multiples 
of  that  of  hydrogen,)  that  his  experiments  were  directed  merely  towards 
ertaining  which  multiple,  in  any  case,  was  to  be  adopted. 
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tic  chloride,  and  0.2975  aluminic  oxide.  {SilMmarCs  Amer, 
J(mm.j  S7  1835, 138,  241.)  Berzelius  points  out  the  incon- 
sistency of  these  data.  {Berzelius*  Jakresberichty  15^  1835,. 
138.) 

C.  TissiER :  27 J2  (O  =  16). 

Determined  by  dissolving  aluminium  in  chlorhydric  acid^ 
evaporating  to  dryness  with  excess  of  nitric  acid  and  de- 
composing the  nitrate  by  heat.  The  aluminium  employed 
contained  0.135  per  cent,  sodium.  1.935  of  this  metal  gave 
3.645  oxide,  [if  Na  =  23,  these  data  give  Al  =  27.12.1 
The  metal  was  prepared  by  heating  aluminic  fluoride  with 
purified  sodium  in  a  graphite  crucible.  {Paris  Compter 
Rend.,  J^,  1858, 1105.) 

J.  Dumas:  27.446  (0  =  16). 

Determined  by  six  experiments  on  the  titration  of  aluminic 
chloride  with  argentic  nitrate.  The  mean  result  was  Al  = 
18.723  (0=8) ;  extreme  difference  0.09.  The  aluminic  chlo- 
ride, which  had  been  prepared  on  a  large  scale,  was  purified 
by  sublimation  over  iron-filings  and  over  aluminium  filings,, 
and  by  a  third  sublimation  in  a  current  of  hydrogen  over 
aluminium  filings,  after  which  it  was  melted.  Experiments 
on  the  oxidation  of  aluminium  were  found  unsatisfactory  on 
account  of  the  difilculty  of  obtaining  the  metal  pure.  They 
gave  Al  at  from  13.74  to  13.89.  Dumas  takes  Ag  =  108 ; 
CI  =  8^.5.     {Ann.  de  Chim.  et  de  Phys.,  (3,)  65, 1859, 151.) 

W.  Odling:  27.5  (0  =  16). 

Determined  from  the  vapor  density  of  aluminium  methide 
and  ethide  at  220°  and  upwards.  {Phil.  Mag.,  (4,)  S9, 1865,. 
816.) 

— .  IsNARD :  27  (0  =  16). 

Pure  aluminium  dissolved  in  chlorhydric  acid,  evaporated 
and  heated  to  redness,  gives  V  of  its  weight  in  oxide.  {Paris 
Comptes  Bend.,  66,  1868,  508.) 

Pelouze  and  Fremy  give  iS7.367  (O  =  16) ;  170.98  (0.= 
100,)  for  the  atomic  weight  of  aluminium,  and  assert  that 
this  value  is  derived  from  the  composition  of  potash-alum,, 
but  they  give  no  authority  for  the  value.  The  experiments 
were  made  by  precipitation  with  barium  chloride.  ( Traiti 
de  Chimie,  3d  ed.,  1,  50.) 
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From  the  specific  heat  of  antimony,  as  determined  by 
^unsen,  Regnault,  and  others,  and  from  the  vapor  density 
of  volatile  compounds,  as  determined  by  Mitscherlich,  Loe- 
wig  and  Schweizer  and  others,  it  is  certain  that  the  atomic 
weight  must  be  about  120.  {GmeUn-Kraut,  L  c;  and  L. 
Meyer ^  L  c) 

J.  J.  Berzelius:  1^9.03  {0  =  16) ;  806.452  (0  =  100). 

100  parts  of  pure  antimony,  oxidized  with  nitric  acid, 
evaporated  to  dryness,  and  heated  to  redness,  gave  124.8 
antimonic  antimoniate.  The  number  of  experiments  and 
the  preparation  of  the  metal  are  not  given.  (Poggend.  Ann,, 
8,  1826,  23.) 

E.  Schneider  :  120.3  (O  =  16) ;   751.9  (O  =  100). 

Determined  by  experiments  on  the  reduction  of  native 
antimonic  ter-sulphide  in  a  current  of  hydrogen.  The  only 
foreign  substance  to  be  found  in  the  mineral  was  silicic  acid, 
which  was  determined  in  each  case.  The  temperature  was 
kept  as  low  as  possible,  and  the  amount  of  sulphide  vola- 
tilized, and  of  that  undecomposed  by  the  process,  was 
determined.  The  mean  composition,  as  ascertained  by  eight 
experiments,  was  71.48  antimony — extreme  difference,  0.078; 
and  28.52  per  cent,  sulphur.  The  atomic  weight  was  cal- 
culated from  the  mean  for  S  =  200.  {Poggend.  Ann.,  98y 
1856,  293.)  Schneider  published  a  preliminary  note  in 
Poggend.  Ann.^  97,  1856,  483,  in  which,  from  a  portion  of 
the  above-mentioned  experiments,  he  deduced  the  value 
120.25. 

H.  Rose  and  Weber  :  1IB0.6S6  (0  =  16). 

Rose  published  this  determination  expressly  as  a  confirma- 
tion of  Schneider's  value.  Antimony  ter-chloride  was  dis- 
solved in  water  containing  tartaric  acid,  and  decomposed 
by  hydrogen  sulphide.  Sulphur  was  removed  from  the 
filtrate  by  ferric  sulphate,  and  the  chlorine  determined  with 
argentic  nitrate.  2.162  antimony  chloride  were  found  equiv- 
alent to  4.097  argentic  chloride.  [If  Ag  =  107.93  and  CI 
=  35.457,  these  data  give  Sb  =  120.626;  or,  for  0  =  100, 
8b  =  753.92.]  Rose,  adopting  some  other  values  gets 
1608.67  [twice  754.34.]    He  also  recalculates  some  earlier 
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analyses  of  the  ter-chloride,  and  the  penta-chloride  (Poggeni. 
Ann. J  Sj  1826,  448)  made  by  himself  by  the  same  method, 
which  give  respectively  1512.91  and  1508.6.  {Poggeni.  Ann., 
98,  1866,  466.) 

W.  P.  Dbxtee  :  122.836  (O  =  16) ;  764.6  (O  =  100). 

Attempts  were  made  to  determine  the  atomic  weight  of 
antimony  from  its  reducing  action  on  the  chloride  of  gold, 
but  no  constant  result  was  obtained.  Berzelius'  method  {vide 
supra)  was,  therefore,  adopted.  From  the  mean  of  ten  irre- 
proachable experiments  Dexter  deduces  the  value  1629.2; 
extreme  difterence,  3.  The  metal  was  prepared  as  follows: 
From  antimony  tartrate,  sodium  metantimonate  was  pre- 
pared, and  antimonic  acid  separated  out  with  nitric  acid. 
The  antimonic  acid  was  reduced  with  carbon,  and  melted 
with  another  portion  of  antimonic  acid  to  remove  traces  of 
sodium,  etc.  It  was  also  heated  in  a  current  of  hydro^n 
to  remove  traces  of  oxide.  The  investigation  was  carried 
out  in  Bunsen's  laboratory,  and  with  his  assistance.  {Pog- 
gend.  Ann.,  100, 1867,  563.) 

J.  Dumas:  122  (0  =  16). 

Neither  the  reduction  of  cervantite  nor  of  the  sulphide, 
nor  the  oxidation  of  metallic  antimony  gave  accordant  re- 
sults. Dumas,  therefore,  resorted  to  the  analysis  of  the 
ter-chloride  with  argentic  nitrate.  The  chloride  was  pre- 
pared by  three  different  methods,  and  was  dissolved  in  water 
acidulated  with  tartaric  acid.  Seven  experiments  gave  an 
average  of  121.975;  extreme  difference,  0.69.  Ag  =  108; 
CI  =  35.5.     {Ann.  de  (Mm.  et  de  Phys.,  (3,)  1869,  176.) 

F.  Kesbler  :  122.24  (0  =  16). 

In  four  experiments  crystals  of  antimony  ter-oxide  were 
employed.  This  oxide  had  been  sublimed  in  a  current  of 
pure,  dry  carbonic  acid.  A  known  weight  of  the  compound 
was  nearly  oxidized  in  a  chlorhydric  acid  solution  by  a 
known,  slightly  insufficient,  weight  of  potassic  chlorate. 
The  remainder  was  titrated  with  a  standard  solution  of 
potassic  bi-chromate,  and  countertitrated  with  ferrous  chlo- 
ride. The  mean  result  was  Sb  =  122.16.  In  three  experi- 
ments metallic  antimony  was  employed.  It  was  prepared 
by  reducing  the  precipitate  formed  when  ammonic  hydrate 
is  added  to  stibium-ammonium  tartrate.  The  metal  was 
oxidized  in  chlorhydric  acid  solution  by  potassic  chlorate, 
(not  weighed,)  and  reduced  to  antimony  ter-chloride  by 
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stannous  chloride.  The  excess  of  this  reagent  was  chlori- 
dized  by  mercuric  chloride,  calomel  being  separated  by  fil- 
tration. The  experiment  was  continued  exactly  as  in  the 
cases  where  the  oxide  was  taken  to  start  with.  The  mean 
of  the  experiments  on  metallic  antimony  was  122.84.  The 
mean  of  the  seven  experiments  above  described  is  122.24 ; 
extreme  difference,  0.94.  K  =  89.12;  CI  =  107.97.  Kessler 
also  made  experiments  by  Rose's  method,  but  got  discord- 
ant results.    {Poggend.  Ann.,  113, 1861, 145.) 

B.  Ungbr  :  119.76  (0  =  16). 

Determined  by  analysis  df  sodium  sulph-antimonate, 
(Schlippe's  Salt.)  {Kopp's  Jarresberichi,  1871,  825;  Arch, 
der  Pharm.,  (2,)  147, 198 ;  14Sy  1.)  A  single  determination 
by  a  method  from  which  great  accuracy  could  not  be  ex- 
pected. 8  =  32 ;  Na  =  28.  (J.  P.  Cooke,  Jr.,  in  Proc. 
Amer.  Acad.,  13,  6.) 

J.  P.  Cooke  Jr.:  120  (O  =  16). 

Cooke  objects  to  the  determinations  of  Dexter  and  Dumas, 
on  the  ground  that  there  is  no  sufficient  evidence  of  the 
absence  of  higher  or  lower  compounds  of  the  same  elements 
in  the  salts  employed. 

In  two  experiments  antimony  was  dissolved  and  precipi- 
tated as  sulphide,  which  was  heated  to  240®  before  weieh- 
ing.  The  formation  of  free  S  was  prevented,  occluded 
tartaric  acid  was  determined,  but  occluaed  oxy-chloride  was 
neglected.  The  experiments  gave  each  8b  =  120.6  for  8 
=  32.  In  thirteen  experiments  8b  was  dissolved  in  a  mini- 
mum of  nitric  acid,  and  the  solution  boiled  over  bullets  of 
8b  to  complete  saturation.  The  sulphide  was  then  precipi- 
tated in  an  atmosphere  of  carbon  di-oxide.  The  precipitate 
contained  no  free  8.  The  oxy-chloride  was  driven  off  at 
180®  and  determined.  The  tartaric  acid  was  decomposed 
at  210®  and  determined.  The  errors  are  opposed  and  min- 
ute. The  mean  of  the  weighings  of  sulphiae,  dried' at  180®, 
gave  8b  =  119.994  for  8  =  32;  extreme  difference,  1.01. 
The  mean  of  weighings  of  sulphide  heated  to  210®  gave  8b 
=  120.295 ;  extreme  difference,  1.07.  General  mean  8b  = 
120.145.  Fifteen  analyses  of  antimonious  bromide  gave  the 
Br  contents  at  66.6666  per  cent,  for  Ag  =  108,  Br  =  80,  with 
an  extreme  difference  of  0.195.  This  composition  gives  8b 
120.  In  seven  experiments  the  iodide  was  analyzed.  For 
I  =  127  and  Ag  =  108,  it  gave  a  mean  of  76.051  per 
cent  8b,  or  8b  =  120.    It  was  also  shown  that  the  chloride 
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cannot  be  prepared  free  from  oxy-chloride,  and  that  its  8b 
and  CI  contents  correspond  to  Sb  =  120.  Metallic  Sb  was 
prepared  by  reduction  of  sodic  antimoniate,  or  of  oxide, 
with  potassic  cyanide,  or  by  Liebig's  method.  In  all  cases 
it  was  fused  for  several  hours  under  its  own  oxide.  The 
haloid  salts  were  purified  by  fractional  recry stall ization  and 
distillation,  in  part  in  a  current  of  carbon  di-oxide.  {Proc. 
Am.  Acad.,  13, 1877,  1.) 


ARSENIC. 


The  specific  heat  of  metallic  arsenic,  as  determined  by 
Regnault,  and  the  vapor  density  of  a  number  of  volatile 
compounds,  as  determined  by  Dumas,  Mitscherlich,  Bunsen, 
and  others,  prove  that  the  atomic  weight  of  this  element 
must  be  in  the  neighborhood  of  75.  {Gmelin-Kraut,  I.  c; 
and  L.  Meyer j  I.  c.) 

J.  J.  Berzelius:  75.1  (O  =  16);  469.4  (0  =  100). 

2.203  grammes  of  arsenious  acid,  heated  with  sulphur  in 
a  distilling  apparatus  in  such  a  manner  that  sulphurous 
acid,  but  no  sulphur,  could  escape,  set  free  1.069  grammes 
sulphurous  acid.  If  S  =  200.75,  the  value  follows.  {Pog- 
gend.  Ann.,  8, 1826,  22;  and  Lehrbuch,  5  ed.,  5,  1205.) 

J.  Pumas:  75(0  =  16). 

Dumas  found  the  vapor  density  of  arsine  2.695.  [This 
value'  multiplied  by  28.94278  gives  As  =  (sensibly)  75.] 
{Ann.  de  Chim.  et  de  Phgs.,  S3, 1826,  387.) 

J.  Pelouze:  75  (O  =  16);  468.75  (O  =  100). 

A  known  weight  of  arsenic  ter-chloride  was  introduced 
into  a  nitric  acid  solution  of  a  known  weight  of  perfectly 
pure  silver,  the  chloride  being  in  slight  excess.  The  excess 
of  chloride  was  then  titrated  with  decimal  silver  solution.* 
As  the  mean  of  three  experiments  Pelouze  found  As  = 
937.50;  extreme  difference,  0.8.  Ag  =  1349.01;  CI  = 
443.2.  The  ter-chloride  was  repeatedly  distilled  to  free  it 
from  excess  of  chlorine.     It  was  colorless,  dissolved  com- 

*  This  method,  which  has  heen  frequently  employed  in  the  determination 
of  atomic  weights,  will  he  referred  to  as  "Pelouze's  method." 
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pletely  in  chlorine,  and  boiled  between  184®  and  185°, 
(Paris  Comptes  Rend.,  $0, 1845, 1047.) 

J.Dumas:  74.94  (O  =  16). 

Determined  by  four  experiments  on  the  titration  of  arsenic 
ter-chloride  with  argentic  nitrate,  the  ter-chloride  being 
prepared  in  several  lots.  The  number  is  the  mean  of  the 
experiments;  the  extreme  difference  being  0.15.  Dumas 
takes  Ag  =  108;  CI  =  35.5.  {AnnaL  de  Gumie  etde  Physique j 
(3,)  65,  1859,  174.) 

F.  Kessler:  75.2  (O  =  16). 

In  six  experiments  arsenious  acid  was  titrated  with  potas- 
sic  bichromate  and  counter-titrated  with  ferrous  chloride. 
The  number  so  obtained  was  75.15.  In  twelve  experiments 
a  known  weight  of  arsenious  acid  was  oxidized  m  caustic 
potash  solution  by  potassic  chlorate,  the  arsenious  acid  be- 
ing slightly  in  excess,  acidified  with  chlorhydric  acid  and 
the  excess  of  arsenious  acid  titrated  with  potassic  bichro- 
mate and  counter-titrated  with  ferrous  chloride.  The  oxi- 
dizing action  of  the  potassic  bichromate  was  experimentally 
determined.  The  number  obtained  from  these  experiments 
was  75.24.  Five  experiments  were  made  with  acid  instead 
of  alkaline  solutions  of  arsenious  acid;  they  gave  75.15. 
The  arsenious  acid  was  colorless,  transparent,  volatilized 
without  any  residue,  and  was  thoroughly  dessicated.  Kess- 
ler assumed  K  =  39.12;  CI  =  107.97.  {Poggend.  Annal, 
95,  1855,  210;  113, 1861, 140.) 


BARIUM. 


The  specific  heat  of  barium  compounds,  especially  of  the 
chloride,  as  determined  by  Regnault  and  by  Kopp,  shows 
that  the  atomic  weight  of  this  element  lies  in  the  neighbor- 
hood of  137.     {Gmelin-Krauty  I.  -c) 

WoLLASTON  and  Klaproth.    139.2  (0  =  16);    870 
(O  =  100). 

Klaproth  found  that  100  parts  of  carbon  di-oxide  were 
equivalent  to  352.57  parts  barium  oxide,  and  that  34  parts 
sulphuric  anhydride  were  equivalent  to  66  parts  of  barium 
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oxide.    K  C  =  75.4,  and  S  =  200,  the  value  follows.    (PAS. 
Trans.j  104, 1814,  20.) 

J.  J.  Berzblius  :  136.79  (0  =  16). 

100  parts  of  barium  chloride  eave  138.08  and  188.06  parts 
argentic  chloride.  (Tf  Ag  =  107.93,  and  CI  =  36.457,  the 
above  value  follows?]  Berzelius  also  determined  barium 
from  the  sulphate ;  100  parts  barium  chloride  gave  112.17 
and  112.18  parts  sulphate.  Calculated  for  S  =  200.75  this 
determination  is  almost  identical  with  the  other ;  Berzelius, 
however,  expressly  adopts  the  former.  [Calculated  for  S  = 
32.0742,  it  gives  135.74.]  {Poagend.  AnnaL,  <S,  1826,  189, 
and  Lehrbuch  der  Chemky  6th  ed.,  5, 1229.) 

E.  Torner:  187.4  (0  =  16). 

Turner  determined  the  chlorine  contents  of  barium  chlo- 
ride at  34.016  per  cent,  by  precipitation  with  silver.  This 
number  was  the  mean  of  the  best  two  experiments  made, 
and  the  value  follows  from  it  on  the  assumption  that  CI  = 
86.42.  The  barium  chloride  was  prepared  from  native  car- 
bonate by  solution  in  chlorhydric  acid,  precipitation  of 
impurities  with  barium  oxide,  ignition  of  the  chloride,  treat- 
ment with  alcohol,  and  recrystallization.  {Phil.  Trans.y  119y 
1829,  291.*) 

T.  Thomson  :  136  (O  =  16);  860  (O  =  100). 

Thomson  had  formerly  determined  this  atomic  weight  at 
875  by  mixing  potassic  sulphate  with  barium  chloride  in 
such  proportions  that  the  supernatant  liquid  contained  no 
sensible  amount  of  either  sulphuric  acid  or  barium.  Turner 
having  shown  the  fallacy  of  this  method,  Thomson  substi- 
tuted ammonium  sulphate,  and  also  sulphuric  acid  for  the 
potassium  salt,  and  found  9.6006  barium  oxide  equivalent  to 
6.00  sulphuric  anhydride.  He  also  analyzed  the  chloride 
with  argentic  nitrate,  assuming  silver  =  1376,  and  chlorine 
=  460,  and  reached  the  same  conclusion  with  reference  to 
barium.  {Thomson's  System  of  Chemistry^  7th  ed.,  i,  1831, 
426.) 

♦Turner  made  the  discovery  in  the  course  of  this  investigation  that 
barium  sulphate  carries  down  other  salts,  such  as  potassic  sulphate,  which 
cannot  be  extracted  from  the  precipitate  by  any  degree  of  washmg,  and  that 
determinations,  with  barium  sulphate,  are  consequently  unreliable.  Al- 
though Berzelius  drew  attention  to  the  importance  of  the  observation,  and 
Thomson  was  obliged  to  acknowledge  errors  in  his  work  from  this  cause, 
the  fact  was  for  a  long  time  nearly  forgotten,  as  can  readily  be  proved  from 
the  contents  of  this  digest. 
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— .  Salvbtat:  186  (0  =  16);  850  (0  =  100). 

Determined  from  the  loss  of  weight  ensuing  on  the  de- 
composition  of  barium  carbonate  by  sulphuric  acid.  Details 
not  given.    {Paris  Comptes  Bendus,  17, 1848,  318/) 

J.  Pblouzb:  lS7.e8  (0  =  16);  858.01  (0  =  100). 

Into  a  nitric  acid  solution  of  a  known  weieht  of  perfectly 
pure  silver,  a  known  and  slightly  more  than  equivalent 
weight  of  barium  chloride  was  introduced.  The  excess 
was  titrated  with  decimal  silver  solution.  The  value  is  the 
mean  result  of  three  experiments,  which  give  an  extreme 
difference  of  0.22  for  0  =  100.  The  barium  chloride  was 
purified  by  recrystallizations  continued  till  determinations 
gave  a  constant  result,  and  was  dessicated  in  part  at  200^, 
and  in  part  at  a  temperature  just  below  redness.  Pelouze 
took  Ag  =  1849.01,  and  01  =  448.2.  (Paris  Comptes  RenduSy 
SO,  1846, 1047.) 

C.Marignac:  187.08  (0  =  16);  856.77  (0  =  100). 

Determined  by  six  experiments  on  the  equivalence  of  sil- 
ver and  barium  chloride  performed  by  Pelouze's  method, 
{vidt  supra.)  100  silver  were  found  equivalent  to  96.865 
barium  chloride ;  extreme  difference,  0.038 ;  hence  the  value 
taken.  Marignac  takes  Ag  =  1849.01,  and  01  =  443.2.  The 
barium  chloride  was  purified  as  follows :  Commercial  chlo- 
ride was  crystallized  from  boiling  aqueous  solution;  the 
crystals  were  heated  to  redness,  dissolved  in  boiling  water, 
treated  with  carbon  di-oxide,  filtered  and  crystallized,  and 
these  crystals  were  washed  with  alcohol  and  again  recrystal- 
lized.  Determinations  were  made  at  each  stage  and  the 
purification  was  continued  until  constant  results  were  ob- 
tained. (Liebig^  AnnaLj  68, 1848,  214;  Bibl,  Univ.,  Arch,  des 
Sciences,  8,  265.) 

H.  Struvb:  186.26  (0  =  16). 

100  parts  of  barium  chloride  gave  112.0988  parts  of  sul- 
phate as  a  mean  of  two  experiments ;'  extreme  difference, 
0.005.  8  =  32;  01  =  35.4624.  (Liebig,  AnnaL,  80,  1861, 
204;  Oefversigt  of  Kongl.  vet.  Acaa.  Foehr.,  6,  165.) 

T.  Andrews:  187.578  (O  =  16). 

Andrews  obtained  this  number  from  two  nearly  coinci- 
dent experiments  of  which  he  gives  no  details.  {Brit.  Assoc. 
Rep.,  1852,  pt.  2,  33.) 
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C.  Marignac:^  137.16  (O  =  16). 

Three  experiments  were  made  on  the  titration  of  air-dried 
barium  chloride  in  crystals  by  Pelouze's  method,  {vide  supra.) 
Five  grammes  of  the  salt  required  for  precipitation  (1) 
4.4205 ;  (2)  4.4195 ;  (8)  4.4210  grammes  silver.  Three  ex- 
periments were  made  on  the  conversion  of  the  same  barium 
chloride  into  sulphate.  Ten  grammes  of  the  salt  gave  (1) 
9.543;  (2)  9.544;  (3)  9.542  grammes  sulphate.  In  each  of 
the  latter  experiments  the  water  was  determined,  and  was 
found  to  vary  no  more  than  0.0005  grammes.  Comparison 
of  the  two  series  gives  for  Ag  =  108,  S  =  16,  and  O  = 
8;  barium  equal  to  (1)  68.57;  (2)68.61;  (3)  68.55;  in  mean 
68.58,  or  one-half  of  137.16.  This  result  is  independent  of 
th'e  possible  trace  of  water  the  chloride  might  have  con- 
tained. In  another  series  of  three  experiments  the  water 
was  driven  off  at  a  low  red  heat  and  determined,  and  the 
salt  analyzed  by  Pelouze's  method.  It  was  proved  that 
barium  chloride  is  not  decomposed  at  the  temperature  em- 
ployed. (1)  gave  68.61 ;  (2)  58.59;  and  (3)  68.55,  or  a  mean 
of  68.583.  The  salt  for  the  experiments  marked  (1)  was 
prepared  by  recrystallization  and  precipitation  with  alcohol ; 
that  for  (2)  by  a  repetition  of  the  same  process,  and  for 
(3)  by  resolution  of  (2)  and  precipitation  with  chlorhydric 
acid  ^as.  Marignac  proved  that  the  precipitated  argentic 
chloride  contained  entirely  insignificant  traces  of  barium 
salt.  CI  =5=  85.5.  {BibL  Univ.y  Archives  des  Sciences^  Nouv. 
SMe.,  1, 1858,  209.)^ 

J.Dumas:  137  (0  =  16). 

Determined  by  fifteen  experiments  on  the  titration  of 
barium  chloride  with  argentic  nitrate,  which  give  a  general 
average  of  68.516  with  an  extreme  difference  of  0.11.  The 
barium  chloride  was  prepared  from  pure  nitrate  and  pure 
carbonate,  and  from  commercially  pure  chloride  after  it  had 
been  freed  from  lead  by  precipitation  with  barium  sulphide. 
The  chloride  was  precipitated  from  solution  by  chlorhydric 
acid  gas  and  melted  in  a  current  of  chlorine  to  prevent  oxi- 
dation. Ag  =  108 ;  CI  =  35.5.  {Annales  de  Chimie  et  de 
Physique,  (3,)  55, 1859, 137.) 


BERYLLIUM. 


The  atomic  heat  of  beryllium  has  been  determined  by  J. 
Emerson-Reynolds  by  direct  comparison  with  that  of  silver. 
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In  a  calorimetric  apparatus  constructed  for  the  purpose,  the 
amount  of  heat  given  off  during  cooling  by  108  parts  of 
silver  heated  to  100°  was  found  to  be  equal  to  that  commu- 
nicated by  a  little  more  than  9.2  parts  of  beryllium  under 
the  same  conditions.  Assuming  the  atomic  weight  of 
the  metal  to  be  9.2,  the  atomic  heat  found  would  be  5.91. 
The  smallness  of  this  number  the  observer  accounts  for  by 
supposing  that  there  was  a  trace  of  platinum  present  intro- 
duced by  the  use  of  platinum  vessels  in  the  course  of  re- 
duction.   {Phil.  Mag.,  (5,)  5, 1877,  38.) 

J.  J.  Beezblius  :  14-5  (O  =  16). 

Berzelius  analysed  the  salt  formed  by  saturating  dilute 
sulphuric  acid  with  beryllium  oxide.  From  the  amount  of 
barium  sulphate  obtained  he  inferred  that  the  atomic 
weight  of  beryllium  was  331.261  on  the  supposition  that 
the  oxide  was  JBe,  +  O3  and  that  the  salt  was  neutral.  Ber- 
zelius took  O  =  100 ;  S  =  200.75,  and  Ba  =  856.29.  [Awde- 
jew  having  discovered  that  this  salt  is  basic,  this  value  is 
reduced  to  90.63;  or,  for  0  =  16,  to  14.6.]  Berzelius 
accepted  Awdejew's  determination  in  preference  to  his  own. 
[Poggmd.  Armal^S,  1826, 187 ;  and  Lehrbuch  der  Chemie,  6th 
ed.,  S,  1225.) 

T.  Thomson:  36  (0  =  16). 

Experiments  not  given.  The  value  is  four  times  nine, 
and  may  have  arisen  from  a  mistake  as  to  saturation. 
{System  of  Chem.  7  ed.,  1, 1831,  459.) 

— .  AwDEJBW :  13.8S  (O  =  16) ;  86.58  (0  =  100). 

Beryllium  sulphate,  in  chlorhydric  acid  solution,  was  de- 
composed with  barium  chloride.  In  the  filtrate  the  excess 
of  barium  chloride  was  precipitated  with  sulphuric  acid, 
and  the  beryllium  oxide  thrown  down  with  ammonia,  dried, 
heated,  and  weighed.  The  beryllium  sulphate  was  prepared 
from  pure  carbonate  by  treatment  with  sulphuric  acid  and 
precipitation  with  alcohol.  It  was  purifiea  by  recrystalli- 
zation.  Four  experiments  were  made,  the  mean  of  which 
calculated  for  S  =  201.165,  gave  Be  =  58.084  with  an  ex- 
treme difference  of  1.955.  {Foggend.  Annal.j  66, 1842, 106.) 
Weeren  recalculated  these  analyses  for  S  =  200  and  got 
57.72,  [or  f  of  86.58.]    {Poggend.  AnnaL,  92, 1824, 124.) 
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J.  Weeren  :  1S.8S  (O  =  16) ;  86.4JB  (O  =  100). 

Weeren  followed  the  same  method  as  Awdejew,  except 
that  he  precipitated  the  beryllium  with  ammonium  sulphide^ 
the  oxide  bein^  soluble  in  excess  of  ammonia.  The  mean 
of  four  experiments  gave  57.64,  the  extreme  difference 
being  1.52  for  O  =  100,  [57.64  is  f  of  86.46.]  Weeren 
took  8  =  200.     {Poggend.  AnnaL,  92, 1854, 124.) 

G.  Klatzo  :  13,89  (0  =  16). 

Elatzo  made  five  analyses  of  the  sulphates  containing 
seven  and  four  molecules  of  water,  precipitating  the  sul- 

Ehuric  acid  as  barium  sulphate,  and  the  beryllium  as  oxide 
y  means  of  ammonia.  From  a  comparison  of  the  sum  of 
the  oxide  found  in  all  the  analyses  with  the  total  amount  of 
barium  sulphate  found,  Klatzo  deduces  Be  =  9.227,  for  Ba  = 
137,  and  8  =  32.  [If  Ba  is  taken  equal  to  137.16,  and  8  = 
82.07,  and  if  each  of  the  analyses  is  calculated  for  itself.  Be 
=  13.89.  The  extreme  difference  is  0.45.]  The  sulphates 
were  purified  by  recrystallization,  and  treatment  with  alco- 
hol. {Erdmann's  Journ.  fur  Prak.  Chemie,  106,  1868,  227; 
Klatzo,  Ueber  die  Constitution  der  Beryllerde,  Dorpat,  1868.) 

L.  F.  Nilson  and  0.  Pettersson  have  redetermined  the 
specific  heat  of  beryllium  within  a  few  weeks.  They  find 
the  specific  heat  0.4079,  corresponding  to  a  trivalent  metal 
and  a  sesqui-oxide.  The  investigation  seems  to  have  been 
made  with  great  care,  while  that  of  Emerson-Reynolds  was 
merely  preliminary.  (Berlin^  Bericht  der  chem.  Oes.,  11, 1878, 
886.) 


BI8MUTH. 


Dulong  and  Petit,  Regnault,  and  Kopp,  have  determined 
the  specific  heat  of  Bismuth.  It  corresponds  to  an  atomic 
weight  of  about  210.     {Gmelin-Kraut,  L  c.) 

P.   Lagbrhjelm:  S12.86  (0  =  16);  1330.377  (0  = 
100). 

Metallic  Bismuth  was  oxidized  in  a  weighed  vessel  by 
nitric  acid,  and  the  nitric  acid  expelled  by  heat.  10  grammes 
of  bismuth  gave  11.1275  oxide.  {Berzelius'  Lehrbuch  der 
Chemie,  5th  ed.,  S,  1216;  Stockholm,  Akad.  Handl.,  $4, 1813, 
219.) 
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E.  Schneider:  SOS  (0  =  16);  1299.98  (0  =  100). 

Determined  by  eight  experiments  on  the  conversion  of 
metallic  bismuth  into  oxide  by  solution  in  nitric  acid  and 
decomposition  of  the  nitrate  in  the  same  vessel.  The  es- 
caping gases  were  led  through  nitric  acid,  and  the  bismuth 
caught  in  this  way  was  separately  converted  into  oxide  and 
weighed.  In  four  experiments  the  bismuth  was  prepared 
by  the  reduction  of  basic  nitrate,  and  for  the  other  four  by 
the  reduction  in  hydrogen  of  the  oxide  formed  in  those 
which  preceded.  100  bismuth  oxide  were  found  to  contain 
a  mean  of  89.656  metal ;  extreme  difference,  0.048.  {Pog- 
gend.  AnnaL,  82, 1851,  803.) 

J.Dumas:  210.44  (0  =  16). 

Determined  by  seven  experiments  on  bismuth  chloride, 
which  was  decomposed  in  solution  by  sodium  carbonate, 
and  th6  sodium  chloride  thus  formed  titrated  with  silver 
solution.  The  value  taken  is  the  mean  result.  The  extreme 
difference  is  1.12.  Dumas  takes  As  =  108,  and  CI  =  35.5. 
The  bismuth  chloride  was  prepared  by  the  action  of  chlo- 
rine on  bismuth,  and  was  purified  by  fractional  distillation 
over  bismuth.  That  employed  in  the  experiments  was 
colorless.  (Annal.  de  Chimie  et  de  PhysiquCy  (3,)  55,  1869, 
176.) 


BORON. 


The  specific  gravities  of  a  number  of  volatile  compounds 
of  boron  have  been  determined  by  Dumas,  Woehler  and 
Deville,  and  others,  and  correspond  to  an  atomic  weight  of 
about  11.     (Gmelin-Kraut,  L  c;  L,  Meyer,  L  c.) 

H.  F.  Weber  has  discovered  that  the  specific  neat  of  boron 
rises  rapidly  with  the  temperature,  becoming  nearly  constant 
at  600*^.  Above  this  temperature  its  specific  heat  is  0.5,  and 
its  atomic  heat  6.5.     {Poggend.  Annal,  IS^y  1875,  575.) 

J^J.  Bbrzelius  :  11.01  (0  =  16). 

Davy's  investigations  having  shown  that  boracic  acid  con- 
tains about  68  per  cent,  oxygen,  and  having  thus  established 
the  formula  of  borax,  Berzelius  determined  the  atomic 
weight  from  the  water  contents  of  that  salt.  He  found  in 
three  experiments,  without  variation,  47.1  per  cent.  Gme- 
lin-Kraut  recalculates  this  composition  with  Stas'  atomic 
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weights,  and  gets  the  value  given.    {Poggend.  Armal.y  «9, 1826, 
19.) 

A.  Laurent:  10.86  (0  =  16). 

Laurent  found  that  borax  retains  some  water  even  when 
melted,  which,  however,  can  be  expelled  by  the  addition  of 
iceland  spar.  By  repeating  Berzelius'  experiments,  and 
adding  a  known  weiglit  of  spar,  he  found  the  water  con- 
tents in  two  experiments  47.15  and  47.20.  He  did  not 
regard  the  experiments  as  accurate.  Gmelin-Kraut  recalcu- 
lates these  data  with  Stas'  atomic  weights,  and  gets  B  = 
10.91  and  10.81.     {Paris  Oomptes  Bendus,  S9, 1849,  5.) 

Woehler  and  Dbville  :  10.87  (0  =  16). 

These  chemists  titrated  the  bromide  and  the  chloride  of 
boron  with  argentic  nitrate.  They  do  not  offer  the  analy- 
ses as  atomic  weight  determinations,  but  Dumas  applies  the 
data  to  this  object.  Taking  Ag  =  108,  and  01  =  35.5,  Dumas 
calculates  from  the  analysis  of  the  chloride  prepared  by  the 
action  of  H  01  on  B,  J8  =  11 ;  from  the  analysis  of  the 
chloride  prepared  bv  the  action  of  01  on  B,  B  =  10.6 ;  from 
the  analysis  of  the  oromide  prepared  bv  the  action  of  bro- 
mine on  boron,  B  =  11.  {Annal.  de  Chimie  et  de  Physique^ 
(3,)  5^,  1858,  88;  55, 1859, 129.) 

T.  Thomson  :  10.67  (O  =  16). 

Thomson  supposed  boracic  acid  to  be  composed  of  one 
atom  of  boron  and  two  of  oxygen,  and  concluded  from 
Davy's  and  his  own  experiments  that  the  atom  of  B  was 
exactly  equal  to  that  of  0.  For  the  correct  composition  of 
the  acid  his  value  must  be  reduced  one-third.  {System  of 
Chem.y  7th  ed.,  i,  1831,  214.) 


BROMINE. 


Mitscherlich  determined  the  vapor  density  of  bromine, 
and  Regnault  the  specific  heat  in  a  solid  condition  at  very 
low  temperatures.  Both  of  these  constants  correspond  to 
an  atomic  weight  of  80.     {Gmelin-Kraut,  L  c;  L.  Meyer,  L  c) 

A.  J.  Balard  :  75  (O  =  16) ;  468.85  (O  =  100). 
1.27  potassium  bromide  decomposed  with  sulphuric  acid 
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gave  a  residue  of  0.978  potassic  sulphate.  [If  this  analysis 
is  calculated  with  Stas'  atomic  weights,  it  gives  Br  =  74.65.] 
In  another  experiment  100  parts  of  argentic  bromide  reduced 
with  zinc,  the  excess  of  which  was  extracted  with  sulphuric 
acid,  gave  58.9  parts  silver.  [Calculated  with  Stas'  data 
this  gives  Br  =  75.3.]  Balard  mentions  no  special  precau- 
tions in  the  preparation  of  his  salts  for  this  determination. 
{AnruU.  de  Chimie  et  de  Physique^  S2y  1826,  357,  362.) 

J.  Libbig:  75.29  (0  =  16);  470.55  (0  =  100). 

2.521  potassic  bromide  precipitated  with  argentic  nitrate 
gave  4.041  argentic  bromide.  The  potassic  bromide  was 
obtained  by  adding  potassic  hydrate  to  an  alcoholic  solution 
of  bromine  until  the  solution  began  to  lose  color.  (Annal. 
de  Chimie  et  de  Physique^  33, 1826,  331.) 

J.  J.  Berzelius  :  78.S64  (O  =  16) ;  489.15  (0  =  100). 

Berzelius  suspected  that  insufficient  precautions  had  been 
taken  in  the  preceding  determinations  to  get  rid  of  chlorine. 
He  washed  bromine  for  a  long  time,  and  converted  it  into 
zinc  bromide  and  ammonium  bromide.  These  salts  he  par- 
tially precipitated  with  argentic  nitrate  to  get  rid  of  chlorme. 
From  the  filtrate  he  precipitated  argentic  oromide  which  he 
washed,  dried,  and  melted.  7.202  of  this  bromide,  decom- 
posed in  a  current  of  chlorine,  yielded  5.546  argentic  chlo- 
ride; 7.8805  bromide  gave  6.069  chloride.  If  Ag  =  1351.607, 
and  01  =  442.652,  the  mean  value  of  Br  is  as  above ;  differ- 
ence, 0.09.  {Poggend.  AnnaL,  14,  1828,  565;  Kongl.  vet. 
Akad.  Handl.,  1828.) 

C.  Lobwig:  75.76  (O  =  ^6). 

According  to  Gmelin-Kraut,  Handbuch  der  Chemiey  the 
determination  was  published  in  a  treatise  entitled  Brom  und 
Seine  Chemische  Verndltnisse,  Heidelberg,  1829. 

C.  Marignac  :  79.957  (0  =  16). 

In  three  experiments  a  known  weight  of  silver  was  dis- 
solved in  nitric  acid,  precipitated  with  potassium  bromide, 
and  the  argentum  bromide  dried  at  200°  and  weighed.  [For 
Ag  =  107.93  these  experiments  give  Br  =  79.938,  with  an 
extreme  difference  of  0.018.]  In  vacuo  this  result  is,  accord- 
ing to  Stas,  79.968.  In  seven  experiments  a  known  weight 
of  silver  was  precipitated  by  a  determinate  amount  of  potas- 
sic bromide  by  titration.     [If  K  =  39.137,  and  Ag  =  107.93, 
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this  gives  bromine  =  79.924  with  an  extreme  difference  of 
0.046.]  In  vacuo  this  becomes,  according  to  Stas,  79.945. 
In  four  experiments  potassium  bromate  was  decomposed  by 
heat,  and  the  potassic  bromide  weighed.  [For  K  =  39.137 
these  experiments  give  bromine  at  80.11  with  an  extreme 
difference  of  0.56.  These  latter  are  evidently  much  less 
accurate  than  the  preceding,  and  I  have  therefore  averaged 
.  the  first  and  second  series  in  vacuo  J]  The  KBr  was  prepared 
by  heating  bromate  purified  by  recry stall ization.  (Berzelius' 
Lehrbuch  der  Chemie,  5th  ed.,  <?,  1194;  Bibl.  Vniv.y  Ifi^  1843, 
357.) 

W.  Wallace  :  79.74  (O  =  16). 

Determined  by  analysis  of  arsenic  ter-bromide,  bv  titra- 
tion with  argentic  nitrate,  according  to  the  method  of 
Pelouze,  (see  arsenic,  Pelouze's  determination.)  Three  ex- 
periments were  made,  giving  a  mean  of  79.738;  extreme 
difference,  0.051.  As  =  75 ;  Ag  =  107.97.  The  arsenic 
and  bromine  were  directly  combined,  and  the  compound 
was  purified  by  fractional  distillation  and  recrystallization. 
(PM.  Mag.,  (4,)  18, 1859,  279.) 

J.  Dumas  :  80  (O  =  16). 

Determined  by  three  experiments  on  the  conversion  of 
argentum  bromide  into  chloride  in  a  current  of  dry  chlorine. 
The  mean  is  80.03;  the  extreme  difference  is  0.18.  Silver 
is  taken  at  108,  and  chlorine  at  35.5.  The  argentum  bro- 
mide was  prepared  with  bromine  free  from  iodme,  and  was 
purified  from  chlorine  by  digestion  with  argentum  bromide. 
\Annah  de  Chemie  et  de  Physique,  (3,)  55, 1859, 162.) 

J.  S.  Stas  :  79.952  (O  =  16). 

Four  complete  syntheses  (the  weight  of  each  of  the  con- 
stituents, and  of  the  compound  being  determined)  were 
made  of  argentum  bromide,  a  known  weight  of  silver  being 
converted  into  sulphate,  and  precipitated  with  a  known 
weight  of  bromine  which  had  been  converted  into  hydro- 
bromic  acid.  The  mean  result  was  that  100  Ag  ^  74.0805 
Br;  with  an  extreme  difference  of  0.004.  Two  analyses  of 
argentic  bromate,  made  by  reducing  the  salt  in  suspension 
with  sulphurous  acid,  gave  for  the  molecular  weight  of  the 
bromide  187.84,  and  187.90,  mean  187.87.  A  comparison 
of  these  data  gives  Br  =  79.940.  [This,  I  think,  must  be  a 
misprint  for  79.949.]  Fourteen  experiments  were  made  on 
the  equivalence  of  kBt  and  Ag  by  Pelouze's  method,  (see 
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As,  Pelouze's  determination.)  The  mean  result  was  that 
100  Ag  =  110.345  KBr;  extreme  difference,  0.029.  This 
rives  Br  =  79.958  for  Ag  =  107.93,  and  K  =  39.137.  The 
bromate  of  silver  was  prepared  from  potassic  bromate  and 
silver  salts.  For  the  preparation  of  Ag  see  Stas'  determi- 
nation of  it.  The  potassic  bromate  was  prepared  by  the 
action  of  chlorine  on  a  mixture  of  KBr  and  KHO.  The 
bromide  was  prepared  by  the  action  of  heat  on  bromate,  by 
treating  bromine  with  KHO,  and  in  other  ways.  No  reagents 
were  probably  ever  prepared  with  such  care  as  those  em- 
ployed in  this  and  the  accompanying  determinations.  The 
weights  are  all  in  vacuo.  {StaSj  Vhtersnch.  iiber  Chem.  Pro^ 
porUy  Leipzigj  1867.) 


CADMIUM. 


Regnault,  Kopp,  and  Bunsen  have  determined  the  specific 
heat  of  cadmium,  which  corresponds  to  an  atomic  weight 
of  112.  Deville  and  Troost  determined  the  densitjr  of  cad- 
mium vapor  at  above  1000°.  It  answers  to  an  atomic  weight 
of  114.     ( GmeUn-Krauty  I.  c;  L.  Meyer ,  I  c.) 

F.  Strometbe  :  111.43  (0  =  16);  696.767  (0  =  100). 

Stromeyer  found  that  100  parts  of  cadmium  combine  with 
14.352  parts  of  oxygen  to  form  the  oxide.  (Berzeliics'  Lehr- 
buck  der  Chemky  5th  ed.,  5, 121 9 ;  Schweigger's  Journ.j  ZSj  1818, 
362.) 

T.  Thomson  :  IIZ  (O  =  16);  700  (0  =  100). 

Thomson  says  that  he  has  shown  this  to  be  the  true  value 
by  analysis  of  the  sulphate  in  two  different  states.  {System 
of  Chem.,  7th  ed.,  1, 1831,  555.) 

K.  VON  Hauer  :  112  (0  =^  16) ;  700  (O  =  100). 

Determined  by  nine  experiments  on  the  reduction  of  cad- 
mium sulphate  to  sulphide  in  a  current  of  hydrogen  sulphide 
under  pressure.  The  mean  of  the  experiments  gave  Cd  = 
55.999 ;  extreme  difference,  0.16.  Von  Hauer  took  S  =  16. 
The  sulphate  was  purified  by  repeated  recrystallizations  and 
by  conversion  into  oxide.  It  was  dried  at  200°.  The  sul- 
phide was  in  each  case  carefully  examined  for  undecomposed 
sulphate.    {ErdmanrCs  Journ.filr  Prak.  Chem.,  73, 1857, 346.) 
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J.Dumas:  112.24  (0  =  16). 

Determined  by  six  experiments  on  the  titration  of  cadmium 
chloride  with  argentic  nitrate.  The  mean  of  all  the  experi- 
ments was  Cd  =  56.12 ;  extreme  difference,  0.49.  The  third 
experiment  varies  considerably  from  the  rest,  and  Dumas 
seems  inclined  to  omit  it  in  the  average.  If  it  is  left  out, 
the  mean  becomes  56.06 ;  extreme  difference,  0.29.  Dumas 
takes  CI  =  35.5 ;  Ag  =  108.  The  cadmium  chloride  was 
prepared  in  two  lots  by  solution  of  cadmium  in  chlorhydric 
acia,  evaporation  and  melting  for  several  hours  in  a  current 
of  chlorhydric  acid  gas.  {AnnaL  de  Chimie  et  de  PhysiquCy 
(3,)  55, 1859, 158.)     , 

E.  Lenssen  :  112.06  (O  =  16). 

Three  experiments  were  made  on  the  decomposition  of 
cadmium  oxalate,  the  salt  and  the  resulting  oxide  bein^ 
weighed.  The  mean  result  was  Cd  =  56.03 ;  extreme  dif- 
ference, 0.19.  C  =  6.  The  oxalate  was  prepared  from  pure 
chloride  by  precipitation  with  oxalic  acid,  washing  and  dry- 
ing at  150°.  It  was  carefully  tested,  and  was  found  to  be 
anhydrous.  (Erdmann's  Joum.  fur  Prak.  Chemie,  79, 1860^ 
281. 


CESIUM. 


The  great  similarity  between  csesium  and  the  other  alka- 
line metals  renders  the  deduction  of  its  atomic  weight  from 
its  equivalent  sufficiently  certain. 

KiRCHHOFF  and  Bunsbn  :  123.35  (0  =  16). 

Determined  by  three  experiments  on  the  analysis  of  the 
chloride  with  argentic  nitrate.  The  value  is  the  mean ; 
extreme  difference,  0.13.  The  ceesium  was  separated  from 
the  other  alkalies  by  extracting  a  mixture  of  oxides  and  car- 
bonates with  alcohol.  It  was  converted  into  chloride  by 
Erecipitation  with  platinum  chloride,  reduction  of  the  dou- 
le  chloride  in  hydrogen  and  solution.  These  operations 
were  repeated  until  the  caesium  salt  gave  sensibly  the  same 
results  after  successive  purifications.  Its  purity  was  also 
tested  spectroscopically.  Silver  was  taken  at  107.94,  and 
chlorine  at  35.46.     {Poggend.  AnnaL,  113, 1861,  363.) 


Digitized  by 


Google 


CESIUM.  25 

Johnson  and  Allen  :  138  (0  =  16). 

Determined  by  four  experiments  on  the  precipitation  of 
csesium  chloride  with  argentic  nitrate.  The  mean  result 
was  Cs  =  138.036 ;  the  extreme  difference,  0.842.  Ag  = 
107.94;  CI  =  35.46.  Caesium  and  rubidium  were  separated 
b^  partial  crystallization  of  their  bitartrates.  The  caesium 
bitartrate  was  converted  into  chloride  by  precipitation  with 
platinum  chloride,  reduction  and  solution.  The  nitrate 
formed  on  the  precipitation  of  the  caesium  chloride  with 
silver  was  reconverted  into  caesium  chloride  and  redeter- 
mined, and  so  on.  The  purity  of  the  salt  was  tested  spec- 
troscopically.    {SUUman's  Amer.  Joum.y  (2,)  36^  1863,  96.) 

R.  W.  Bunsbn:  138  (O  =  16). 

Determined  by  three  experiments  on  the  precipitation  of 
caesium  chloride  with  argentic  nitrate.  The  mean  result 
was  182.99;  extreme  diflference,  0.02.  Ag  =  107.94;  CI 
=  85.46.  In  order  to  prepare  pure  chloride,  a  mixture  of 
caesium  and  rubidium  salts  was  converted  into  carbonates, 
a  little  more  tartaric  acid  was  added  than  was  necessary  to 
form  acid  tartrate  with  the  rubidium  and  neutral  tartrate 
with  the  caesium,  and  the  mixture  was  exposed  on  a  filter 
to  the  action  of  a  saturated  atmosphere  of  aqueous  vapor. ' 
The  caesium  salt  is  deliquescent,  and  gradually  passes 
through  the  filter,  while  the  rubidium  salt  is  unafitected. 
The  caesium  tartrate  was  turned  into  pure  chloride  by  re- 
peated precipitation  with  platinum  chloride,  reduction  in 
hydrogen  ana  solution.  The  determinations  were  made  on 
the  product  of  successive  purifications,  and  only  those  were 
taken  into  consideration  which  were  made  alter  analysis 
showed  a  constant  composition.  The  spectroscope  was  em- 
ployed to  test  the  purity  of  the  salt.  (Poggend.  AnnaLj  119y 
1863,  5.) 

— .  Mercer  :  183  (O  =  16). 

The  fact  of  this  determination,  without  details,  is  men- 
tioned by  Frankland.    [Chm.  News,  5, 1863, 18.) 

R.  GoDEFFROY :  132.557  (0  =  16). 

Derived  from  the  mean  of  four  analyses  of  caesium  chlo- 
ride with  argentic  nitrate,  the  extreme  diflference  beinff 
0.185.  CI  =  85.5 ;  Ag  =  108.  The  caesium  was  separated 
from  the  other  alkalies  by  the  fractional  crystallization  of 
their  alums  continued  until  the  caesium  compound  was 
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spectroscopically  pure.  The  alaminiam  was  removed  with 
ammonia,  the  sulpharic  acid  with  barium  chloride  and 
traces  of  barium  with  ammonium  carbonate.  The  csesium 
chloride,  which  was  not  deliquescent,  was  dried  at  150*^. 
{Liang's  Annal.,  181, 1876, 185.) 


CALCroM. 


Bunsen  has  determined  the  specific  heat  of  calcium.  It 
corresponds  to  an  atomic  weight  of  40.     {Grmelin-Krautj  L  e.) 

F.  H.  Wollaston:   40.736  (0  =  16);    254.6  (O  = 
100). 

WoUaston  found  that  43.7  parts  of  carbon  di-oxide  satu- 
rated 56.3  parts  of  lime.  If  C  =  75.4,  the  value  follows. 
{PhU.  Trans.,  104, 1814,  20.) 

J.  J.  Bbrzelius  :  40*32  (0  =  16) ;  252.075  (0  =  100). 

301  parts  of  anhydrous  calcium  chloride  gave  775  parts 
argentic  chloride.  K  01  =  443.28  and  Ag  =  1349.66  the 
value  follows.  This  analysis,  made  in  1818,  was  erroneously 
calculated  from  a  mistake  in  setting  down  its  results  and 
the  atomic  weight  of  Oa  was  taken  at  256.019.  (Poggend. 
AnnaL,8,  1826,189;  and  Lehrbuchder  Chemky  5th  ed.,  5, 
1227.) 

J.  Dumas:  40  (0  =  16). 

Three  experiments  were  made  on  the  calcination  of  cal- 
cium carbonate  which  contained  0.03  per  cent,  of  ferric  oxide 
and  silicic  acid.  The  weight  of  the  residue  was  in  mean 
56.07,  or,  subtracting  0.03,  56.04,  with  an  extreme  difference 
of  0.08.  These  figures  give  almost  exactly  40.  The  weigh- 
ings are  reduced  to  vacuum.  {Paris  Comptes  Rendus,  14j 
1842,  537.) 

— .  Salvetat  :  40  (0  =  16) ;  250  (0  =  100). 

It  is  to  be  inferred  from  the  context  that  this  determina- 
tion was  made  from  the  loss  of  weight  ensuing  on  the  de- 
composition of  calcium  carbonate  by  heat  or  sulphuric  acid. 
(Paris  Comptes  Bendus,  17,  1843,  318.) 
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C.  Marignac  :  4O.W8  (O  =  16) ;  251.8  (O  =  100). 

Determined  by  precipitating  calcium  chloride  with  argen- 
tic nitrate ;  Ag  =  1349.01 ;  CT  =  443.2.  Marignac  laid  no 
weight  on  this  determination  finding  it  impossible  to  pre- 
pare calcium  chloride  which  did  not  show  an  alkaline  re- 
action. The  presence  of  caustic  lime  would  make  the  result 
erroneously  high ;  no  doubt  Berzelius'*  early  analysis  was 
defective  from  the  same  cause.  (Berzelius'  Jahresbericht^  £^, 
1844,  103;  Bibl  Univ.,  4j6,  1843,  367.) 

Erdmann  and  Marohand  :  40.007  (O  =  100). 

Four  experiments  were  made  on  the  calcination  of  cal- 
cium carbonate  enclosed  in  a  double  platinum  crucible  in  a 
wind-furnace,  till  the  weight  was  constant.  A  mean  of  56 
per  cent,  calcium  oxide  was  found  with  an  extreme  dif- 
ference of  0.05.  This  gives  Ca  =  40  for  C  =  12.  Two  ex- 
periments were  made  by  decomposing  calcium  carbonate 
by  sulphuric  acid.  These  gave  a  mean  of  43.99  carbonic 
acid;  difierence,  0.02.  The  value  taken  is  the  mean  of  all 
experiments.  The  carbonate  was  prepared  by  precipitating 
calcic  chloride  with  ammonium  carbonate,  and  drying  at 
160°  to  180°.  Confirmatory  experiments  were  made  on  ice- 
land  spar.  The  weighings  are  reduced  to  vacuum.  {JErd- 
mann's  Jowm.fiir  Prak.  Chem.,  ^5,  1842,  472.) 

Berzelius  maintained  that  Erdmann  .and  Marchand  em- 
ployed material  containing  water,  chlorine  and  magnesium. 
Erdmann  and  Marchand  answered  that  there  could  be  no 
magnesium  and  was  no  chlorine  but  that  they  had  convinced 
themselves  that  spar  is  the  only  compound  of  certain  and 
constant  composition.  Berzelius  replied  that  they  then 
admitted  that  their  carbonate  contained  water.  Erdmann 
and  Marchand  appealed  to  their  experiments  on  spar,  upon 
which  Berzelius  made  experiments  showing  that  spar,  too, 
retains  water  at  200°.  This  Erdmann  and  Marchand  de- 
nied and  finally  assert  that  all  the  carbonic  acid  is  not  driven 
off  at  any  attainable  temperature,  and  that  their  results 
were  therefore  too  high  instead  of  being  too  low.  The 
error  they  estimate  to  exactly  cover  the  difference  between 
their  averas^es  and  40.  {Erdmann^ s  Joum.filr  Prak.  Chem.y 
SI,  1844,  257;  37,  1846,  75;  60, 1860,  237.) 

Erdmann  and  Marchand  :  40.06^  (O  =  16) ;  250.39 
(O  =  100). 

The  spar  experiments  referred  to  above.  Six  analyses  were 
made  as  before,  giving  a  mean  of  56.028  oxide ;  extreme 
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difference  0.047.  {Erdmann's  Joum.  fur  Prak.  Chemiej  SI, 
1844,  268.)  Another  experiment,  in  which  the  absence  of 
water  was  proved,  gave  56.03  lime.  The  weighings  are  re- 
duced to  vacuum.  {Erdmann's  Joum.  fur  Prak.  Chem..  87. 
1846,  77.) 

J.   J.    Berzelius:   40.^64  (O  =  1Q);    251.651(0  = 
100). 

Five  experiments  were  made  on  the  conversion  of  caustic 
iime  into  sulphate.  The  value  is  the  mean  for  S  =  200.75 ; 
extreme  difference  0.962  for  O  =  100.  The  lime  was  care- 
fully purified  and  b.urnt,  but  Berzelius.  says  nothing  of  test- 
ing it  for  carbonic  acid,  upon  which  Erdmann  and  Marchand 
found  an  objection.  Berzelius  expresses  himself  ill  satisfied 
with  the  results.  {Liebig's  Annal.,  iS^  1843,  241;  also 
Lehrbuch  der  Chemk,  5th  ed.,  5, 1228.) 

J.  Dumas  :  40.02  (O  =  16). 

Five  experiments  were  made  on  the  titration  of  calcium 
chloride  with  argentic  nitrate.  They  give  a  mean  of  20.065, 
but  Dumas  considers  only  three  of  them  as  entitled  to  a 
voice.  These  give  20.01;  extreme  difference,  0.03.  The 
calcium  chloride  was  prepared  by  dissolving  marble  in 
chlorhydric  acid,  digestion  with  lime  water,  filtration, 
evaporation,  treatment  with  chlorhydric  acid  and  heating 
in  a  current  of  cfhlorine.  For  the  three  experiments 
averaged  the  chloride  was  kept  melted  in  the  current  of  gas 
for  from  8  to  10  hours.  Ag  =  108 ;  01  =  35.5.  {Anvxil.  de 
Chimie  et  de  Physique^  (3,)  51, 1859,  129.) 


OARBOK 


The  specific  gravity  of  gaseous  carbon  compounds  shows 
that  the  atomic  weignt  must  be  nearly  12.  {Gmelin- Kraut ^ 
I.  c.)  Weber  has  shown  that  the  specific  heat  of  carbon  at 
high  temperatures  obeys  Dulong  and  Petit's  law. 

F.  H.  Wollaston:  119.064  (O  =  16) ;  75.4  (O  =  100). 

Biot  and  Arago  found  the  specific  gravity  of  carbon  di- 
oxide 1.5196,  and  that  of  oxygen,  1.1036.  Oalculation  from 
these  data  gives  the  value.     {Phil.  Trans. ^  IO4, 1814,  20.) 
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J.  J.  PcRZEUUs :  earlier  determinations. 

In  1817  Berzelius  attempted  to  determine  the  atomic 
weight  of  carbon  by  two  analyses  of  plumbic  carbonate. 
[These  analyses  calculated  for  Pb  =  206.926  (Stas,)  give  C 
=  11.998  and  11.984,  or  74.99  and  74.90.]  Considering  the 
difference  too  great,  he  calculated  the  atomic  weight  from 
Biot  and  Arago's  determination  of  the  specific  gravities  of 
carbon  di-oxide  and  oxygen,  1.10359  and  1.51961.  Berze- 
lius gives  75.33  as  the  result;  [I  make  it  75.894.]  Subse- 
quently, (1819,)  Berzelius  and  Dulong  determined  these 
specific  gravities  more  accurately  at  1.524  and  1.1026  whence 
he  calculated  C  =  76.437.  This  number  was  accepted  until 
Dumas  showed  it  to  be  false,  although  in  the  mean  time 
carbon  di-oxide  had  been  shown  to  be  a  condensible  gas. 
According  to  Dumas,  Berzelius  at  one  time  accepted  a  value 
76.52  of  which  I  have  found  no  account.  In  Berzelius' 
Lehrbuchj  5, 1174,  76.48  is  a  misprint  for  76.437.  {Berzelius' 
Lehrbuch  der  Chemie^  5th  ed.,  ^,  1197,  et  passim.) 

T.  Thomson:  le  (0  =  16);  75  (0  =  100). 

Thomson  found  the  specific  gravity  of  carbon  di-oxide 
1.52673.  Assuming  the  specific  gravity  of  oxygen  at  1.1111, 
chiefly  to  accord  with  the  supposition  that  air  is  a  compound 
containing  20  per  cent,  of  oxygen,  he  calculates  the  atomic 
weight  of  carbon  at  75.  {Erdmann's  Joum.  fur  Prak.  Chem.y 
8y  1836,  372 ;  Records  of  General  Science^  by  B.  D.  Thomson^ 
1836, 179.) 

J.  Dumas  :  about  12.16  (O  =  16) ;  76  (O  =  100). 

From  analysis  of  well  crystallized  naphthaline,  Dumas  in- 
fers that  the  atomic  weight  of  carbon  cannot  be  so  high  as 
76.44,  and  must  be  nearly  as  above.  {Poggend.  AnnaLy  44j 
1838,110.) 

J.  J.  Berzelius:  lg.iBS  (0  =  16);  76.458  (0  =  100). 

One  experiment  was  made  on  the  decomposition  of  plum- 
bic carbonate  by  heat,  which  gave  C  =  76.405.  [If  Pb  = 
206.926,  the  data  give  C  =  12.185,  or  76.157.]  Another 
experiment  was  made  on  the  oxalate,  which  gave  C  =  76.511. 
Berzelius  regards  these  results  as  confirmatory  of  the  value 
76.438.  The  plumbic  carbonate  was  prepared  by  precipi- 
tating the  nitrate  with  ammonium  carbonate.  The  oxalate 
was  obtained  by  decomposing  the  acetate  with  oxalic  acid. 
{Liebig's  Annal.,  SO,  1839,  241.) 
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G.  FowNES :  12.12  (O  =  16). 

Determined  by  three  analyses  of  naphthaline  with  cupric 
oxide,  the  usual  precautions  being  observed.  The  value  is 
the  mean ;  extreme  difference,  0.14.  The  naphthaline  was 
purified  by  slow  sublimation  in  a  florence  flask,  and  was 
brilliantly  white.  Fownes  does  not  regard  his  results  as 
conclusive  as  to  the  exact  value.  {Phil.  Mag,y  (3,)  15^  1839, 
62.) 

E.  MiTSCHERLiCH  :  12.016  (0  =  16) ;  75.1  (0  =  100). 

Experiments  made  on  the  analysis  of  naphthaline  by  the 
ordinary  method  of  organic  analysis  gave  never  more  than 
75.2,  and  those  which  seemed  most  accurate  very  nearly  75. 
(Mitscherlich's  Lehrbuch  der  Chemie,  4th  ed.,  i,  1844,  595.) 

Dumas  and  Stas  :  12  {O  =  16) ;  75  (0  =  100). 

Determined  by  fourteen  experiments  on  the  combustion 
of  carbon  in  oxygen,  the  resulting  carbon  di-oxide  being 
weighed.  In  five  cases  natural  graphite  was  employed,  and 
in  four  graphite  from  charcoal  pig-iron.  Both  were  puri- 
fied  by  treatment  with  acid  and  heating  in  chlorine.  The 
necessary  oxygen  was  developed  in  the  combustion-tube 
from  potassic  chlorate  and  cupric  oxide.  In  five  experi- 
ments diamond  was  employed,  and  the  oxygen  was  furnished 
from  a  gasometer.  The  oxygen  was  displaced  by  air,  espe- 
cially purified  from  carbon  di-oxide  by  milk  of  lime.  The 
products  of  combustion  were  collected  in  tubes  filled  with 
pumice  stone  moistened  with  sulphuric  acid,  Liebig  potash- 
bulbs  and  tubes  filled  with  dry  potash.  The  mean  of  the 
experiments  on  graphite  gave  C  =  74.982 ;  those  on  dia- 
mond gave  75.005;  the  extreme  difference  was  0.238.  The 
observers  point  out  that  the  result  would  not  be  aflFected  by 
reduction  to  vacuum.  {AnnaL  de  Chimie  et  de  Physiquej  (3,) 
i,  1841,5.) 

Liebig  tninks  that  potash  must  have  been  volatilized,  and 
says  that  there  is  no  assurance  that  the  oxygen  was  com- 
pletely expelled  by  air.  lie  also  points  out  that  the  analyses 
of  camphor  and  benzoic  acid,  accompanying  the  investiga- 
tion, show  an  excess  of  carbon  for  C  =  75.  {Liebig^s 
Annaly  38^  1841, 195.) 

Erdmann  and  Marchand  :  12,009  (O  =  16) ;  75.054 
(0  =  100). 

Erdmann  and  Marchand  repeated  Dumas'  and  Stas'  ex- 
periments.   Five  experiments  on  diamond  gave  C  =  75.028 ; 
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extreme  difference,  0.88.  Three  experiments  on  natural 
and  one  on  artificial  graphite  gave  C  =  75.087 ;  extreme 
diiierence,  0.18.  The  number  is  the  mean  of  all  experi- 
ments. Erdmann  and  Marcband  adopt  75.  Calcium  chlo- 
ride was  used  in  these  experiments  instead  of  sulphuric 
acid  to  avoid  objections  as  to  the  possible  volatility  of  the 
acid.     {Erdmarm's  Joum.  fiir  Prak.  Chem.^  £3^  1841,  159.) 

Bebzelius  and  Liebio  and  Redtenbacheb  :  12J19 
(O  =»  16) ;  75.741  (0  =  100). 

Five  analyses  by  Berzelius  of  the  tartrate  of  lead,  the 
decomposition  being  effected  by  heat,  gave  62.7431  per  cent, 
plumbic  oxide ;  extreme  difference,  0.045.  Several  analyses 
of  plumbic  racemate  gave  a  mean  of  62.75  per  cent,  oxide; 
extreme  difference,  0.05.  The  salts  were  prepared  by  frac- 
tional precipitation  of  plumbic  acetate  with  tartaric  and 
racemic  acids  respectively.  They  were  dried  at  100°.  [Pog- 
gend.  AnnaLy  19 j  1830,  306.)  From  the  analyses  of  the 
tartrate  Liebig  and  Redtenbacher  calculate  C  =  75.771,  and 
from  the  racemate  75.711,  taking  Pb  =  1294.489  and  H  = 
6.2894.     {Liebig's  AnnaL,  38,  1841,  137.) 

Liebig  and  Redtenbacher:  1S.137  (0  =  16);  75.854 
(O  =  100). 

Determined  by  decomposing  known  weights  of  organic 
salts  of  silver  in  a  covered  crucible  by  heat  and  weighing 
the  silver.  Five  analyses  of  each  of  the  following  salts 
showed  that  18.6113  Ag  =  28.8098  acetate;  9.6171  Ag  = 
16.223  tartrate;  16.2641  Ag  =  27.438  racemate;  16.0596 
Ag  =  25.9019  malate.  If  Ag  =  1351.607  and  H  =  6.2394, 
the  above  value  for  C  follows,  with  an  extreme  difference 
for  the  20  analyses  of  0.765,  (O  =  100.)  The  figures  are  all 
calculated  for  vacuum.  [If  A^  =  107.93  and  H  =  1.0025, 
the  average  number  obtained  from  the  mean  of  each  set  of 
analyses  gives  0  =  12.06865  or  75.429.]  The  acetate  was 
prepared  by  partially  neutralizing  pure  acetic  acid  with 
ammonia,  precipitating  with  argentic  nitrate  and  recrystal- 
lizing  the  salt  from  hot  aqueous  solution.  The  crystals 
were  dried  at  103*^.  The  acetic  acid  was  prepared  from 
plumbic  acetate.  The  tartrate  was  prepared  by  adding  tar- 
trate of  sodium  and  potassium  to  a  hot  (80*^  to  85*^)  dilute 
solution  of  argentic  nitrate  till  a  small  permanent  precipi- 
tate was  formed,  and  cooling  the  solution.  The  racemate 
was  prepared  from  pure  acid  racemate  of  ammonium  like 
the    tartrate.      The    malate  was    prepared  from    calcium 
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malate  and  argentic  nitrate.  The  salt  thus  obtained  was 
dissolved  in  nitric  acid,  and  reprecipitated  with  ammonia 
added  drop  by  drop,  not  to  complete  neutralization,  washed 
and  dried.    {Lkbig's  Annd.,  38, 1841, 189.) 

A.  Strecker  recalculated  Liebig  and  Redtenbacher's 
analyses  given  above,  independently  of  the  atomic  weight 
of  silver,  from  the  difference  in  their  atomic  composition, 
employing  the  method  of  least  squares.  He  found  C  = 
75.415  =h  0.061,  or  12.066  ±  0.01.  In  the  same  way,  and 
from  the  same  analyses  he  calculated  the  atomic  weight  of 
silver  at  1348.79,  or  107.9032.  [The  close  coincidence  be- 
tween this  result  and  Stas',  is  certainly  worthy  of  remark.] 
{Liebig's  Anml,  69y  1846,  280.) 

Marignac  repeated  Liebig  and  Redtenbacher's  experi- 
ments and  got  almost  the  same  results,  but,  by  varying  the 
method  so  as  to  preclude  loss  by  spirting,  different  ones. 
(Liebig's  AnnaLj  69, 1846,  287.) 

Stas  had  the  same  experience  as  Marignac,  and  also 
ascribes  Liebig  and  Redtenbacher's  high  results  to  loss  by 
spirting.  {Bmetin  de  PAcad.  Boy.  des  Sciences  de  Belgique, 
16, 1849,  9.) 

C.  Marignac  :  11.986  (0  =  16)i 

Determined  by  three  analyses  of  the  acetate  of  silver.  The 
salt  was  decomposed  by  heat  in  a  tube  in  such  a  way  that 
the  products  of  decomposition  were  forced  to  pass  through 
porous  silver,  and  loss  by  spirting  was  impossible.  100  parts 
of  the  salt  were  found  to  contain  a  mean  of  64.664  silver,  with 
an  extreme  difference  of  0.005  in  vacuo.  [If  Ag  =  107.93, 
these  figures  give  the  above  value.]  Marignac  regards  the 
analysis  as  a  confirmation  of  Dumas  and  Stas'  determina- 
tion. The  acetate  was  prepared  by  solution  of  argentic 
carbonate  in  acetic  acid  and  successive  recrystallizations. 
{Liebig's  Annal.,  69,  1846,  287;  Bibl.  Univ.,  Arch,  des 
Sciences,  1.  1846.) 

Strecker  believes  that  the  silver  in  Marignac's  determina- 
tion must  have  retained  carbon.    {Ibid.  284.) 

P.  VON  Wrbdb:  12.019  (0  =  16);  75.12  (0=100). 

Von  Wrede  determined  the  specific  gravity  of  carbon  di- 
oxide, taking  into  consideration  its  variation  from  the  law 
of  Marriotte.  He  found  it  equal  to  1.52037  l±^5g2JP. 
He  also  found  the  specific  gravity  of  oxygen  1.1052  and 
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that  of  carbonic  oxide  0.96779.  Comparison  gives  C  = 
75.11  to  75.14.  {BerzeUus'  Jahresbericht,  23, 1842, 72.)  Berze- 
lius  adopted  this  determination. 

According  to  Gmelin-Kraut,  i,  (2,)  70,  Regnault's  value 
for  the  specific  gravity  of  oxygen  combined  with  von  Wrede's 
for  carbon  di-oxide  gives  C  =  12.0037,  and  r/ith  that  for  car- 
bonic oxide  C  =  12.0105. 

J.  S.  Stab  :  W.005  (0  =  16) ;  r5.0S9  (0  =  100). 

Determined  by  passing  carbonic  oxide  over  a  known 
weight  of  pure  cupric  oxide,  aud  weighing  the  carbon  di- 
oitide  formed.  Stas  got  from  eight  experiments  C  =  74.993 
to  75.055.  [The  number  taken  is  the  mean  of  the  results, 
which  is  misprinted  in  Stas'  paper  75.039.]  The  carbonic 
oxide  was  prepared  from  oxalic  acid  by  the  action  of  sul- 
phuric acid.  It  was  purified  from  carbon  di-oxide  by  pass- 
ing through  potash  tubes,  and  from  oxygen  by  passing  over 
hot  copper  filings,  and  was  kept  in  a  gasometer  over  water, 
in  which  was  dissolved  a  solution  of  stannous  oxide  in  pot- 
ash. The  cupric  oxide  was  prepared  by  igniting  pure  cupric 
nitrate.  The  carbonic  acid  formed  in  the  experiments  was 
caught  in  potash  and  sulphuric  acid  tubes.  The  amount  of 
carbon  di-oxide  weighed  was  from  23  to  67  grammes.  The 
weighings  are  reduced  to  vacuum.  {Bulletin  de  VAcad,  Roy. 
des  Sciences  de  BelgiquCj  16,  1849,  9.) 

GRAPHON. 

B.  C.  Brodib  :  83  (O  =  16). 

By  the  action  of  potassic  chlorate  and  nitric  acid  on  gra- 
phite, Brodie  obtained  a  compound  of  carbon,  oxygen  and 
hydrogen  containing  11  atoms  of  carbon,  and  by  the  action 
of  heat  on  this  substance  two  others  containing,  respectively, 
22  and  66  atoms.  The  first  of  these  is  analogous  to  the 
hydrated  oxide  of  silicon  obtained  by  BuflT  and  Woehler, 
if  Si  =  21.  From  this  fact,  and  the  specific  heat  of  gra- 
phite, Brodie  concludes  that  the  atomic  weight  of  the 
graphitic  form  of  0  is  33.  {PhU.  Trans.,  IJfi,  1859,  249.) 
&raham-Otto  points  out  that  if  Si  =  28,  graphon  must  be 
44,  and  that,  in  that  case,  the  argument  from  the  specific 
heat  loses  its  applicability. 
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CERIUM- 

The  specific  heat  of  metallic  cerium,  as  determined  by 
W.  P.  HiUebrand,  is  0.04479,  and  the  atomic  heat  6.18  if  the 
atomic  weight  is  188.    {Poggend.  Annal^  158^  1876,  86.) 

It  is  well  known  that  cerium  is  always  accompanied  in 
nature  by  lanthanium  and  didymium.  The  former  was  dis- 
covered m  1839,  and  the  latter  in  1843,  both  by  Mosander. 

W.  Hisinger:  137.93  (0  =  16). 

According  to  Hisinger,  as  reported  by  Bcrzelius,  the  lower 
oxide  of  cenum  contains  14.821  0  per  100  Ce,  giving  the 
atomic  weight  at  574.718  for  O  :=  100,  if  the  lower  oxide  is 
regarded  as  a  protoxide.     {Poggend.  Annal.^  <9, 1826, 186.) 

T.  Thomson  :  160  (O  =  16). 

Thomson  analysed  the  sulphate  and  obtained  for  cerium 
the  value  625,  (O  =  100.)  [He  probably  took  barium  =  70.} 
{System  of  Chem.,  7th  ed.,  1, 1831,  466.) 

P.  J.  Otto  :  138.91  (0  =  16). 

According  to  Qmelin,  Otto  found  in  an  approximate  de- 
termination Ce  =  678.8,  and  recorded  it  in  his  revised  trans- 
lation of  Graham's  Chemistry,  i,  1840,  222. 

A.  Bbringer  :  138.48  (0  =  16). 

[Three  analyses  of  cerous  chloride  with  silver  give  the 
atomic  weight  of  cerium  at  576.375,  or  92.22,  if  Ag  = 
107.93,  ^nd  CI  =  85.457.  Inconsistent  results  are  given  for 
an  analysis  of  the  sulphide.]  Three  analyses  of  the  sul- 
phate in  which  the  oxide  was  determined,  gave  57.4717  per 
cent,  so-called  protoxide,  [or  Ce  =  576.31,  or  92.21,  if  8  = 
32.0742.]  Analysis  of  the  formate  gave  Ce  =  577.04  for 
C  =  75.85.  The  material  for  the  preparations  was  eerie 
oxide  obtained  from  cerite,  and  purified  from  lanthanium 
by  digestion  with  very  dilute  nitric  acid.  The  lower  oxide 
was  assumed  to  be  Ce  0.    {LUbig's  Annal.^  4^,  1842, 184.) 

R.  Hermann  :  138  (0  =  16). 

The  lower  oxide  was  assumed  to  be  Ce  O.  23.523  parts  of 
anhydrous  cerous  sulphate  ffave  29.160  parts  of  barium  sul- 
phate, giving  Ce  =  575,  for  0  =  100,  Ba  =  856.88,  and 
B  =  201.16.    The  salt  was  obtained  by  precipitating  basic 
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sulphate  from  a  snlphnric  solution  of  the  cerite  oxides,  and 
converting  this  precipitate  into  thd  neutral  salt.  {ErdrnanrCs 
Jourrufwr  Prak,  Chem.,  SO,  1848, 184.) 

C.  Rammblsbbrg  :  1S7.9S  (0  =  16). 

Hermann  states  that  Eammelsberg  experimented  on 
cerium  salts  free  from  lanthanium,  and  got  Ce  =  674.7,  the 
lower  oxide  being  supposed  to  contain  one  atom  of  oxygen. 
[I  cannot  find  the  original  paper.]  {Erdniann's  Joum.  fur 
JPrak.  Chem.,  SO,  1843,  184.) 

0.  Marignac  :  1^-79  (0  =  16). 

The  result  of  seven  experiments  on  the  titration  of  cerous 
sulphate,  prepared  from  basic  sulphate,  with  barium  chlo- 
ride. {Erdmann's  Joum.  fur  Prak.  Chem,,  4Sy  1849,406; 
£ibL  Univ.  Arch  des  Sciences,  8,  265.)  Marignac  subsequently 
made  experimeijits  which  showed  these  results  to  be  too  high 
from  the  impurity  of  the  barium  sulphate  precipitate,  (see 
note  to  Turner's  determination  of  Barium,)  and  that  the 
number  575  (for  O  =  100  and  cerous  oxide  Ce  O)  was  more 
probable.  {Annul,  de  Chimie  et  de  Physique,  (3,)  S8, 1853, 
148.) 

T.  Kjerulp:  174.66. 

Kjerulf  obtained,  by  three  organic  analyses  of  cerium 
oxalate,  Ce  =  727.33  on  the  protoxide  theory,  O  =  100.  The 
salt  was  prepared  by  dissolving  cerium  oxide  in  oxalic  acid. 
(JLiebig's  AnnaL,  87,  1853,  12.)  Bunsen  points  out  that  this 
must  have  been  a  basic  salt.     [Ibid,  105,  1858,  50.) 

R.  BuNSEN  and  J.  Jegel  :  1S8.192  (O  =  16). 

The  lower  oxide  was  presumed  to  contain  one  atom  of 
oxygen.  In  two  experiments  cerous  sulphate  was  decom- 
posed with  ammonium  oxalate.  The  sulphuric  acid  thus 
liberated  was  determined  with  barium  sulphate ;  the  cerium 
oxalate  precipitate  was  decomposed  by  heat  with  the  forma- 
tion of  eerie  oxide,  which  was  weighed  and  the  additional 
oxygen,  introduced  by  heating,  determined  by  iodometric 
titration.  The  salt  was  not  annydrous  ;  the  water  contents 
was  estimated  by  difference.  The  experiments  gave  respec- 
tively 57.49  and  57.46  per  cent  cerous  oxide  in  the  anhvdrous 
salt,  or  Ce  =  576.3  and  575.25  if  S  =  200.  One  experiment 
was  made  on  hydrous  cerium  oxalate.  The  cerous  oxide 
was  found  as  before ;  the  water  was  determined  and  the 
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oxalic  acid  was  estimated  by  difference.  This  gave  60.02 
per  cent,  cerous  oxide,  calculated  for  the  anhydrous  salt,  or 
Ce  =  575.65.  The  salts  were  prepared  from  cerite  as  fol- 
lows: the  mineral  was  digested  with  sulphuric  acid,  the 
sulphates  formed  were  leached  with  water  and  with  dilute 
nitric  acid ;  this  solution  was  treated  with  hydrogen  sul- 
phide, chlorhydric  acid  was  added  and  cerium  oxjuate  was 
precipitated.  The  oxalate  was  heated  with  magnesia  to 
convert  the  cerium  into  the  higher  oxide,  which  was  dis- 
solved in  concentrated  nitric  acid.  After  diluting  the  solu- 
tion, chemically  pure  basic  sulphate  was  precipitated.  In 
the  preparation  of  cerous  sulphate  and  oxalate  oxidation 
was  prevented  by  the  action  of  sulphurous  acid.  {Liebig^s 
Annal,  105, 1858,  45.) 

,C.  Rammelsbbrg  :  138^16  (0  =  16). 

One  experiment  on  the  organic  analj^sis  of  cerium  oxalate 
by  heating  in  a  current  of  oxygen  behind  copper  oxide  gave 
Ce  =  575.9,  (O  =  100,)  or  92.144,  (0  =  16,)  cerous  oxide 
being  regarded  as  Ce  O.  Kammelsberg  does  not  adopt  bis 
own,  but  Hermann's  determination.  (Poggend.  Annal.jJ08y 
1859,  44.) 

C.  Wolf  :  1S6.99S  (O  =  16). 

Determined  from  experiments  on  the  sulphate,  prepared 
and  analyzed  as  by  Bunsen  and  Jegel.  w  olf  purified  the 
basic  sulphate  b^  solution  in  nitric  acid  and  reprecipitation 
in  hot  water,  aided  by  recrystallizations.  He  found  that 
the  oftener  these  processes  were  repeated  the  smaller  was 
the  atomic  weight  resulting  from  the  analysis.  The  purifi- 
cations were  repeated  until  the  salt  was  spectroscopically 
free  from  didymium,  and  was  perfectly  white,  (that  employed 
by  other  investigators  had  been  yellowish  or  buff.)  The 
value  taken,  45.664,  [or  J  of  136.992,]  was  the  smallest 
and  last  value  reached.  The  investigation  was  made  in 
Bunsen's  laboratory.  {SiRimarCs  Am.  Jotim.j  (2,)  ^,  1868, 
53.) 

C.  H.  Wing  :  137.01  (O  =  16). 

Two  experiments  were  made  on  the  decomposition  of 
hydrous  cerium  sulphate  with  oxalic  acid,  the  cerium  oxalate 
being  converted  into  eerie  oxide  by  heat.  The  amount  of 
cerous  oxide  in  the  eerie  oxide  was  calculated  according  to 
Wolfs  results,  giving  for  the  atomic  weight  of  cerium  45.64 
and  45.69,  S  being  32.     The  cerium  was  six  times  recon- 
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verted  into  basic  sulphate,  and  repeated  recrjstallizations 
were  made.  The  salt  was  white  and*  spectroscopically  pure. 
The  determination  was  made  in  Gibbs'  laboratory.  (SUlu 
man's  Amer.  Joum.  (2,)  ^,  1870,  356.) 

D.  Mbndelbjbff:  138  (0  =  16). 

Mendelejeff  first  suggested  raising  the  atomic  weight  of 
cerium  from  92  to  138.  His  reasons  were  a  specific  heat 
determination  which  he  had  made  with  very  impure  metal, 
and  the  fact  that  the  supposed  sesquioxide  had  never  been 
shown  to  exist.  He  believes  that  the  atomic  weight  will 
be  found  somewhat  below  138,  because  that  is  the  atomic 
weight  of  barium.     {Liebifs  Annal,  suppl.,  5,  1871,  186.) 

H.  Buehrig:  I4O.64S  (0  =  16). 

Determined  from  ten  analyses  of  the  hydrous  oxalate  per- 
formed by  combustion  in  a  current  of  pure  oxygen  behind 
copper  oxide.  The  water  was  collected  in  tubes  filled  with 
calcic  chloride,  and  the  carbonic  acid  in  potash.  Five  ex- 
periments in  which  the  cerium  oxide  was  not  determined 
gatve  a  mean  of  94.1304,  on  the  supposition  that  cerous 
oxide  contains  1  atom  of  oxygen  and  that  0  ==  J5.96,  with 
an  extreme  difterence  of  0.0445.  Five  determinations  in 
which  the  cerium  was  determined  as  eerie  oxide  gave 
94.2260,  with  an  extreme  difterence  of  0.0431.  Carbon  was 
taken  at  11.97.  The  mean  result  is  Ce  =  94.1782  for  the 
above  mentioned  assumptions,  [or  140.648  for  0  =  16,  and 
on  the  supposition  that  cerous  oxide  is  a  sesqui-corapound.] 
The  oxalate  was  prepared  from  basic  nitrate  purified  bv 
Gibbs'  method  of  oxidation  with  minium  and  nitric  acid. 
The  salt  was  spectroscopically  pure.  {Erdmann's  Joum.  fur 
Frak.  Chem.,  ISOy  1873,  222.) 


CHLORINE. 


The  density  of  chlorine  gas  and  the  specific  heat  of  chlo- 
rine compounds  leave  no  doubt  that  the  atomic  weight  of 
this  element  is  nearly  35.5.    {Gmelin-Kraut,  L  c.) 

Marcet,  Bbrzelius,  Wollaston  :  S6.S8  (0  =  16). 

Marcet,  by  experimenting  on  the  calcination  of  pure  mar- 
ble, and  on  the  saturation  of  chlorhydric  acid  with  lime. 
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found  as  the  mean  of  many  trials,  that  60.77  calcic  carbo- 
nate are  equivalent  to  56.1  calcic  chloride.  Wollaston, 
taking  the  equivalent  of  calcic  carbonate  at  680,  and  that 
of  calcium  at  255,  calculates  the  equivalent  of  chlorine  at 
441  for  O  =  100.  Wollaston  cites  Berzelius  as  having  ob- 
tained the  same  number  by  the  conversion  of  plumbic  car- 
bonate into  chloride.  {Fhil.  Trans.,  97 y  1807,  301;  104, 
1814,  20.) 

J.  J.  Berzelius  :  8541^  (0  =  16) ;    221.327  (0  = 
100). 

The  molecular  weight  of  potassium  chloride  was  ascer- 
tained from  four  experiments  on  the  decomposition  of 
potassium  chlorate,  which  on  being  heated  lost  39.15  per 
cent,  oxygen.  This  gives  for  the  chloride  932.567,  (O  = 
100.)  100  parts  of  potassium  chloride  were  further  found 
equivalent  to  192.4  parts  argentic  chloride,  and  100  parts  of 
silver  to  132.75  argentic  chloride.  The  value  follows. 
Berzelius  in  his  Lehrbuch  accepts  Marignac's  determination 
and  ascribes  the  error  of  the  value  he  had  obtained  to  the 
imperfect  decomposition  of  that  portion  of  the  chlorate 
which  was  carried  off  as  dust  during  the  experiment.  {Pog- 
gend.  Annal.,  5, 1826, 17;  also  Lehrbuch  der  CJiemie^Sj  1189, 
1191.) 

E.  Turner  :  35.42  (0  =  16). 

Turner  made  two  experiments  on  the  decomposition  of 
plumbic  chloride  with  argentic  nitrate.  Assuming  the 
atomic  weight  of  lead  at  103.6,  and  that  100  silver  =  132.8 
chloride,  these  analyses  gave  CI  =  35.48  and  35.48.  Turner 
also  decomposed  corrosive  sublimate  with  calcic  oxide  neu- 
tralized with  nitric  acid  and  precipitated  with  argentic 
nitrate.  If  mercury  =  201,  these  analyses  give  a  maximum 
of  35.28,  and  a  minimum  of  35.21,  of  which  Turner  selects 
the  largest.  From  calomel  treated  in  the  same  way,  he 
arrived  at  the  value  35.35.  From  his  experiments  on  the 
composition  of  argentic  chloride  (and  apparently  compari- 
son with  potassic  chloride  and  chlorate)  Turner  got 
35.45.  The  mean  of  the  other  experiments  was  35.35,  but 
Turner  considers  35.42  as  being  the  most  likely  value.  The 
plumbum  chloride  was  prepared  from  the  carbonate,  and 
was  purified  bv  recrystallization,  as  was  also  the  corrosive 
sublimate.  The  calomel  was  "  prepared  by  Mr.  Howard," 
and  retained  traces  of  moisture  at  300°,  which  would  make 
the  atomic  weight  derived  from  its  analysis  too  small.  The 
values  are  for  vacuum.    {Phil.  Trans.,  123,  1833,  529.) 


Digitized  by 


Google 


CHLORINE.  89 

F.  Penny:  85.454  (0  =  16). 

Six  experiments  on  the  conversion  of  silver  into  nitrate 

five  100  Ag  =  157.441  nitrate ;  extreme  difference,  0.028. 
welve  experiments  by  three  different  methods  on  the  con- 
version of  silver  into  chloride  gave  100  Ag  =  132.837  chlo- 
ride. Four  series  of  experiments  on  the  interconversion  of 
potassic  chloride,  chlorate  and  nitrate  gave  for  the  difference 
between  the  molecular  weights  of  the  chloride  and  the 
nitrate  26.56.  Corresponding  experiments  with  sodium 
salts  gave  the  same  difference  26.568.  The  mean  combined 
with  the  data  for  the  silver  salts  gives  the  molecular  weight 
of  argentic  chloride  at  143.424,  and  CI  =  35.454.  For  fur- 
ther details  see  Penny's  determinations  of  potassium,  sodium, 
nitrogen  and  silver.  The  weighings  were  calculated  for 
vacuum.     {Phil.  Trans.,  1^9, 1839,  32.*) 

R  Phillips:  35.688  (0  =  16). 

In  order  to  avoid  the  error  possibly  incurred  by  the  melt- 
ing of  argentic  chloride,  etc.,  Phillips  mixed  known  and 
nearly  equivalent  quantities  of  silver  dissolved  in  nitric  acid, 
or  of  crystallized  argentic  nitrate,  with  ammonium  chloride; 
filtered,  washed,  and  precipitated  the  comparatively  minute 
amount  of  chlorine  in  the  filtrate  with  silver  solution.  The 
fusion  of  this  small  quantity  could  cause  no  loss  of  import- 
ance. Phillips  confesses  that  his  ammonium  chloride  was 
acid  and  the  only  conclusions  he  draws  are  that  CI  =  36, 
N  =  14,  O  =  8  and  H  =  1  may  be  taken  without  consider- 
able error  if  silver  is  108.  [The  method  seems  to  have  been 
original  and  is  nearly  that  afterwards  adopted  by  Pelouze. 
The  acidity  of  the  ammonium  chloride  would  of  course  give 
CI  too  high.]    (PM.  Trans.,  129, 1839,  35.) 

C.  Marignac  :  S6.001  (O  =  16);  225.007  (O  =  100). 

Determined  by  passing  chlorhydric  acid  gas  over  hot 
cupric  oxide  and  condensmg  the  water  formed.  The  mean 
of  three  experiments  was  CT=  450.013 ;  the  extreme  difler- 
ence  is  0.2  for  0  =  100.     The  gas  was  made  from  recrys- 

*  This  is  one  of  the  most  elegant  investigations  of  the  kind  to  be  found 
in  chemical  literature,  though  it  scarcely  receives  a  mention  except  from 
Stas,  who  accords  to  it  the  praise  it  deserves.  Stas'  wonderfiilly  exhaustive 
researches  were  necessary  to  prove  beyond  question  that  chemistry  has  a 
mathematical  basis,  and  that  the  atomic  weights  of  the  elements  are  incom- 
mensurate. Penny's  investigation,  taken  in  connection  with  Stas',  shows 
that  Uie  highest  degree  of  accuracy  is  not  incompatible  with  the  simplest 
means  when  they  are  applied  with  the  care  and  acumen,  without  which 
exact  results  cannot,  under  any  circumstances,  be  obtained. 
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tallized  sea-salt  and  concentrated  sulphuric  acid  and  was 
dried  by  passing  through  nine  tubes  filled  with  sulphuric 
acid  and  pummice  stone  and  with  calcium  chloride.  The 
water  was  collected  in  a  condenser  to  which  drying  tubes 
were  appended.     (Paris  Comptes  RenduSj  14^  1842,  570.) 

A.  Laurent  :  35.468  (0  =  16) ;   221.672  (0  =  100)- 

Determined  by  three  analyses  of  chloronaphthalintetrach- 
loride,  which  he  found  to  contain  58.22;  58.29;  58.28 ;  per 
cent,  CI.  The  mean  is  58.27  from  which  the  value  follows. 
{Paris  Comptes  Rendus,  14,^  1842,  456.) 

According  to  Maumen6,  Laurent  confessed  that  his  salt 
was  impure,  containing  chlorose  compounds,  in  Gerhardt's 
Comptes  JRendus,  1845, 108.  {Annal  ae  Chimie  et  de  Physique^ 
(8,)  18, 1846,  45.) 

C.  Marignac:  S6.S7  (0=16);  22L07  (0  =  100). 

One  synthesis  of  argentic  chloride  showed  that  100  silver 
equals  82.74  chlorine.  Berzelius  had  found  32.75,  which 
Mariffnac  adopts.  Marignac  found  by  six  experiments  on 
the  decomposition  of  potassic  chlorate  by  heat,  that  the 
molecular  weight  of  potassic  chloride  was  932.14.  He  tested 
the  equivalence  of  potassic  and  argentic  chlorides  by  pre- 
cipitating the  former  with  argentic  nitrate,  filtering  with- 
out the  use  of  paper  through  a  funnel  with  a  capillary  neck. 
The  precipitate  was  dried  and  weighed,  then  melted  and 
reweighed,  no  loss  being  observable.  100  potassium  chlo- . 
ride  gave  192.33  and  192.34  argentic  chloride  in  two  ex- 
periments, or  reduced  to  vacuum,  192.26.  Hence  the  atomic 
weight  is  442.13.  The  potassic  chloride  was  prepared  by 
heating  chlorate  which  had  been  purified  by  repeated 
recrystallizations.     (lAebig's  AnnaL,  44^  1842,  23.) 

0.  Marignac  :  S6.4S6  (0  =  16) ;  221.6  (0  =  100). 

In  accordance  with  Pelouze's  suggestion,  Marignac  re- 
peated his  determination  of  the  composition  of  argentic 
chloride  and  of  the  equivalence  of  potassic  and  argentic 
chlorides,  retaining  the  molecular  weight  of  potassic  chlo- 
ride mentioned  in  the  last  paragraph.  That  value  was 
obtained  from  the  mean  of  six  experiments  on  the  decom- 
position of  the  chlorate  which  gave  the  percentage  of  oxygen 
at  from  39.155  to  39.167 ;  mean  39.161.  Pelouze  had  got,  as 
the  mean  of  three  experiments,  39.157.  {Paris  Comptes  Mendus^ 
15^  1842,  959.)  Marignac  made  eleven  experiments  on  the 
equivalence  of  silver  and  potassium  chloride  by  Pelouze's 
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method,  a  known  weight  of  silver  being  dissolved  in  nitric 
acid  and  added  to  a  Known  and  nearly  equivalent  amount 
of  potassic  chloride  in  solution,  after  which  the  excess  was 
titrated  with  decimal  standard  solution.  100  parts  of  silver 
were  precipitated  by  from  69.049  to  69.067,  in  mean  by 
69.062  chloride.  100  parts  of  chloride  were  precipitated  by 
from  192.38  to  192.37,  in  mean  by  192.348  silver.  Five 
experiments  were  made  on  the  composition  of  argentic 
chloride  by  dissolving  silver  in  nitric  acid,  with  precautions 
against  loss  by  spirting,  precipitation  with  chlorhydric  acid, 
washing,  drying,  meltmg  and  weighing  in  the  same  vessel. 
100  parts  of  silver  gave  from  132.826  to  132.844  chloride, 
mean  132.84.  Calculation  from  these  data  gives  in  vacuo 
Ag  =  1349.01 ;  K  =  488.94 ;  CI  =  443.20 ;  for  0  =  100  [or 
Ag  =  107.921;  K  =  89.115;  CI  =  36.466,  for  0  =  16.] 
{BerzeUus^  Jahresbericht,  )?^,  1844,  68 ;  Bibl  Univ.,  46 y  1848, 
860.) 

C.  Gbbhardt  :  86  (0  =16). 

By  heatinff  potassic  chlorate  in  a  current  of  oxygen  Ger- 
hardt  got,  wnen  he  took  precautions  against  loss  by  spirt- 
ing, a  mean  of  60.949  chloride,  from  which  he  deduces  86 
for  chlorine  without  giving  further  data.  {Paris  Comptes 
jRenduSy  £ly  1846, 1280!)  Marignac  shows  that  no  data  have 
ever  been  published  which,  in  connection  with  Gerhardt's 
experiments,  would  give  this  value  for  chlorine.  He  adds 
further  experiments  of  his  own  which,  without  aiming  to 
establish  more  exactly  the  true  atomic  weight,  prove  it  less 
than  86  {Liebig's  Annal,69,  1846,  284;  Bibl  Univ.,  Arch. 
des  Sciences,  1, 1846.) 

E.  J.  MAUMBNfi:  S6.46S  (0  =  16). 

Maumen^  made  seven  analvses  of  argentic  chloride  by 
reduction  in  a  current  of  pure  hydrogen.  JFive  of  these  ex- 
periments were  made  with  quantities  less  than  10  grammes, 
and  gave  a  mean  of  100  silver  =  32.736  CI.  Two  experi- 
ments were  made  with  about  30  grammes  each,  and  gave  100 
silver  equal  to  82.86  and  32.863  chlorine.  Maumen6  pre- 
fers the  latter,  and  deduces  from  them  for  chlorine  the  value 
448.67  or  35.494  taking  silver  according  to  his  own  experi- 
ments at  1350.82.  [If  silver  is  taken  at  107.93  (Stas)  the 
same  analyses  give  35.462.]  {Annal.  de  Cfdmie  eide  Physique. 
(8,)  18,  1846,  41.) 
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A.  Laurent:  85.5  (0=16);  221.88  (0  =  100). 

A  single  experiment  was  made  as  follows :  pure  silver 
was  weighed  off  and  placed  in  a  matrass,  nitric  and  chlor- 
hydric  acids  were  added,  the  liquid  was  evaporated  and 
the  chloride  melted.  An  empty  test  was  carried  on  at  the 
same  time  to  act  as  tare.  Silver  was  taken  at  1850.  {Paris 
Comptes  BenduSj  SO,  1849,  6.) 

J.  Dumas  :  85.5  (0  =  16). 

Determined  by  chloridizing  different  weights  of  pure  silver 
by  heating  the  metal  in  a  current  of  chlorine.  Experiments 
on  10  grammes  and  20  grammes  gave  a  mean  of  35.5055, 
the  difference  being  0.018,  for  chlorine,  if  silver  is  108. 
{Annal.  de  Chimie  et  de  Physique,  (8,)  56,  1859, 185.) 

J.  S.  Stas:  85.457  (0  =  16). 

Stas  found  the  atomic  weight  of  chlorine  by  three  inde- 
pendent methods : 

(1.)  From  analysis  of  argentic  chlorate  and  svnthesis  of 
argentic  chloride.  A  known  weight  of  the  chlorate  was 
dissolved  in  water,  precipitated  with  sulphuric  acid  to  secure 
advantageous  division  of  the  salt,  and  reduced  while  in 
suspension  by  a  slow  stream  of  sulphurous  anhydride.  The 
chloride  was  washed,  dried,  and  weighed  in  the  flask  in  which 
it  was  produced.  The  minute  amount  of  chloride  present 
in  the  chlorate  was  collected  and  taken  into  consideration, 
and  the  wash-water  was  carefully  examined  for  silver.  Two 
analyses  (of  about  140  and  260  grammes)  gave  for  the 
molecular  weight  of  the  chloride  143.888  and  148.407,  mean 
148.895.  A  variety  of  syntheses  of  argentic  chloride  in  the 
wet  and  in  the  dry  way  showed  that  100  parts  silver  com- 
bined with  nearly  82.850  parts  chlorine.  Stas  assumes  that 
none  of  his  syntheses  can  possibly  have  given  too  much 
chloride  and  accepts  the  relation  stated.  These  data  give 
CI  =  85.458. 

(2.)  From  the  mutual  relations  of  potassic  chlorate  and 
chloride  and  argentic  chloride,  combined  with  the  composi- 
tion of  the  last.  The  chlorate  was  decomposed  either  by 
gentle  heat  or  in  the  wet  way  with  chlorhydric  acid.  100 
parts  of  chlorate  were  found  to  contain  60.846  parts  chlo- 
ride as  the  mean  of  eight  experiments ;  extreme  difference, 
0.012,  which  gives  the  molecular  weight  of  potassic  chloride 
at  74.59.  The  relation  between  potassic  and  arffentic  chlo- 
ride was  ascertained  by  Pelouze's  method,  (see  ^iarignac's 
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determination  above.)  Twenty  experiments  on  quantities 
of  32  grammes,  and  less,  of  silver  gave  100  parts  Ag  = 
69.103  parts  KCl ;  extreme  difference,  0.008.  These  data 
combined  with  the  composition  of  argentic  chloride  given 
above,  indicate  for  chlorine  35.460. 

(3.)  The  composition  of  argentic  nitrate  was  determined, 
and  the  difterence  between  the  atoijiic  weights  of  nitrogen 
and  chlorine.  In  two  experiments  silver  was  dissolved  in 
nitric  acid,  the  solution  evaporated  to  dryness,  and  the 
nitrate  kept  melted  until  there  was  no  further  loss  of 
weight.  The  result  obtained  was  that  100  silver  =  157.484 
nitrate;  difterence,  0.008.  From  series  of  experiments  on 
the  relation  of  the  chlorides  of  potassium,  sodium,  lithium 
and  silver  to  the  nitrates,  Stas  found  the  difference  between 
a  chloride  and  a  nitrate  from  26.586  to  26.591 ;  mean  26.588. 
These  data  show  that  the  atomic  weight  of  chlorine  lies 
between  35.455  and  35.460,  and  confirm  the  mean  of  all  the 
determinations  of  Penny,  Marignac,  and  Stas,  35.457.  The 
silver  for  this  investigation  was  either  distilled  or  compared 
with  distilled  silver;  it  was  found  impossible  to  reduce 
the  amount  of  silica  in  the  alkaline  salts  below  0.002  of  one 
per  cent.,  it  was  therefore  determined  and  allowed  for; 
every  possible  method  of  purification  by  recrystallization 
and  otherwise  was  resorted  to  to  ensure  purity.  The  weigh- 
ings are  all  reduced  to  vacuum.  {StaSj  Uniers.  ilber  Chem, 
ProparLj  Leipzig,  1867.) 


CHROMIUM. 


The  specific  heat  of  chromium,  as  determined  from  that 
of  the  oxide  by  Kopp,  Eegnault,  and  Neumann,  corresponds 
to  an  atomic  heat  of  from  5.4  to  5.98,  if  the  atomic  weight 
is  taken  at  52.4.     {GhneUn-Krauty  L  e.) 

J.  J.  Bbrzblius  :  66.S9  (0  =  16) ;  351.819  (0  =  100). 

100  parts  of  plumbic  nitrate,  on  precipitation  with  potas- 
fiic  chromate,  gave  98.772  parts  plumbic  chromate.  The 
value  follows  for  Pb  =  1294.498,  and  N  =  88.518.  {Poggend. 
Annal.,  8, 1826,  22.) 

T.  Thomson  :  ff^  (0  =  16);  400  (0  =  100). 

3.14  grains  of  metallic  chromium,  converted  into  chromic 
acid  by  heating  with  potash  and  nitre,  gave  a  precipitate  of 
16.23  grains  plumbic  chromate.  {PhU.  Trans.,  117, 1827, 
169.) 
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E.  Peligot  :  5Z.jiJ8  (O  =  16);  828  (0  =  100). 

Peli^ot  reached  this  value  by  a  careful  carbon  determina- 
tion  of  chromous  acetate,  produced  by  precipitating  a  dilute 
solution  of  chromium  protochloride  with  sodium  acetate, 
C  =  75.  Peligot  does  not  regard  the  experiment  as  defini- 
tive, the  salt  possessing  but  little  stability.  {Annal.  de 
Chimie  et  de  Physique,  (3,)  i^,  1844,  527.) 

N.  J.  Berlin  :  5S.54  (0  =  16) ;  328.89  (0  =  100). 

Five  experiments'  were  made  on  the  decomposition  of 
argentic  chromate  with  chlorhydric.acid  and  alcohol.  The 
silver  chloride  was  washed  in  the  flask  in  which  it  was  pre- 
cipitated, treated  with  aqua  regia,  melted  and  weighed  with- 
out removal.  The  decanted  fluid  and  the  wash-water  were 
evaporated  to  dryness  with  excess  of  ammonia,  treated  with 
water  and  the  chromium  oxide  filtered  oflF,  heated  to  redness 
and  weighed.  [Nothing  is  said  of  the  recovery  of  any 
argentic  chloride  that  might  have  been  removed  by  the 
decantation.]  The  value  taken  is  calculated  from  the  com- 
parison of  the  amounts  of  argentic  chloride  and  of  chro- 
mium oxide  obtained,  Ag  =  1349.66 ;  01  =  443.28.  The 
extreme  difference  is  1,  for  O  =  100.  The  argentic  chro- 
mate was  prepared  by  adding  nitrate  to  a  solution  of  potassic 
chromate.  (Erdmann^s  Journ.  fiir  Prak.  Gfiem.j  38,  1846, 
145.) 

V.  A.  Jacquelin  :  60.08  (0  =  16) ;  818  (O  =  100). 
By  washing  and  purifying  violet  chromium  chloride, 
Jacquelain  obtained  a  substance  which  he  took  to  be  the 
pure  chloride  and  which  was  more  soluble  than  the  un- 
purified  salt.  He  analysed  it  by  melting  with  soda,  and 
arrived  at  the  above  number.  {Liebig's  Annal. ,  64,,  1847, 
276 ;  Reme  ScienL,  U,  198.) 

A.  Mobbrg:  53.563  (O  =  16);  334.769  (O  =  100). 

Moberg  made  twelve  experiments  on  the  decomposition 
of  chromium  salts  by  heat.  In  two  cases  the  sulphate 
dried  at  a  low  red  heat  was  decomposed  by  strong  ignition 
in  a  platinum  crucible  ;  the  results  being,  335.65  and  335.29 
for  chromium.  Ten  experiments  were  made  on  the  decom- 
position of  ,  ammonium-chromium-alum  which  had  been 
dried  in  a  pulverized  state  for  a  long  time.  These  deter- 
minations gave  from  883.965  to  385.739.  The  value  taken 
is  the  mean.  The  alum  employed  was  prepared  from  pure 
material,  and  was  repeatedly  recrystallized.  S  ==  200  ;  N  = 
87.5.     (Erdmann's  Journ.  fur  Prak.  Chem.,  43,  1848,  115.) 


Digitized  by 


Google 


CHROMIUM.  45 

J.  Lbfort  :  52.97  (0  =  16). 

Determined  by  fourteen  experiments  on  the  precipitation 
of  barium  with  sulphuric  acia  from  a  nitric  acid  solution  of 
barium  chromate.  The  barium  chromate  was  prepared  by 
precipitating  potassium  chromate  with  barium  nitrate  and 
drying  the  precipitate  at  250°.  [If  these  analyses  are  cal- 
culated for  barium  =  187  and  S  =  32,  they  give  100  barium 
chromate  =  60.244  barium  oxide,  extreme  difference,  0.26, 
and  the  atomic  weight  as  above.  Lefort  seems  to  have 
taken  Ba  =  186.72.  Berlin  points  out  the  correction  which 
I  have  verified.]  {Erdmann^s  Joum.  filr  Prak.  Ghent,  ^  61^ 
1850,  261 ;  Joum.  de  Pharm.  et  de  Chim.,  18 y  27.) 

R.  WiLDENSTBiN  :  63.435  (O  =  16). 

Determined  by  thirty-two  experiments  on  the  precipitation 
of  barium  chloride,  desiccated  at  a  red  heat,  by  pure,  neutral 
potassic  chromate.  The  mean  of  these  analyses  gave  100 
barium  chromate  =  81.70  barium  chloride;  extreme  differ- 
ence 0.85.  Wildenstein  calculates  884.48  without  giving 
the  assumption  for  chlorine.  [If  CI  =  85.457 ;  Ba  =  137, 
the  value  follows.]  (Erdmami's  Joum.fur  Prak.  Ghem.y  69 j 
1853,  28.) 

F.  Kbsslbb  :  52.8  (0  =  16). 

Kessler  reached  this  value  by  comparing  the  oxidizing 
action  of  potassic  chromate  with  that  of  potassic  chlorate  on 
arsenious  acid.  Six  experiments  were  made  on  the  oxidiz- 
ing power  of  the  chromate  and  twelve  on  that  of  the  chlorate 
by  a  method  of  titration.  By  combining  the  maximum  of 
one  with  the  minimum  of  the  other  series,  Kessler  finds  the 
atomic  weight  of  chromium  between  25.93  and  26.40 ;  in 
mean  26.15,  K  being  =  39.12  and  CI  =  35.45.  Confirma- 
tory experiments  were  made  on  the  oxidation  of  ferrous 
chloride  in  tbe  same  way.  These  gave  a  mean  of  26.1. 
{Poggend.  Annal.,  113, 1861, 187;  95, 1855,  208.) 

M.  SiBWART :  52.094  (0  =  16). 

Determined  from  the  amount  of  chlorine  in  sublimed 
violet  chromium  chloride.  Siewart  criticises  Kessler's  de- 
termination and  deduces  from  the  latter's  data  a  value  25.02. 
{Kopp'8  Jakresbericht,  H,  1861,  240;  jBaHe,  Zeitschr.  fur  die 
GesamnU.  Naturuns.,  17,  530.) 

Kessler  points  out  that  the  number  25.02  is  a  misprint  in 
the  Jahresoericht,  and  that  Siewart's  paper  ascribes  to  him 
the  value  26.02.    (Poggend.  Ann.,  117, 1862,  352.) 
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COBALT. 

The  atomic  heat  of  cobalt  as  determined  by  Regnault  is 
6.27  if  the  atomic  weight  is  assumed  at  58.8.  {GhneUn- 
Krauty  L  c.) 

E.  RoTHOFP :  68.98  (0  =  16);  868.65  (0  =  100). 

269.2  parts  of  cobalt  oxide  converted  into  neutral  cobalt- 
ous  chloride  and  precipitated  with  argentic  nitrate  gave 
1029.9  argentic  chloride,  according  to  Berzelius'  report. 
{Poggend.  AnnaLy  5, 1826, 185.)  Berzelius  recalculates  tiiis 
analysis  for  01  =  221.64  and  Ag  ==  1349.66,  and  gets  the 
value  taken.     {BerzeUics'  Lehrbuchj  5, 1220.) 

R.  Schneider:  60.006  (0  =  16);  875.04  (0  =  100). 

Determined  from  four  analyses  of  the  oxalate.  The  car- 
bon was  determined  as  in  organic  analysis ;  the  metal  by 
heating  a  known  weight  of  the  salt  first  in  a  current  of  air, 
then  in  oneof  oxygen,  and  by  reduction  of  the  oxide  in  hydro- 
gen. The  mean  of  the  four  analyses  gave  cobalt  at  80.008, 
with  an  extreme  difference  of  0.026  for  0  =  6.  The 
oxalate  was  prepared  by  converting  thfe  chemically  pure 
cobalt  of  commerce  into  roseo-cobaltic  chloride,  from  which 
the  metal  was  again  reduced,  then  dissolved  in  chlorhydric 
acid  and  carbonate  precipitated,  which  was  digested  with 
oxalic  acid.     {Poggend.  Annals  101  ^  1857,  898.) 

Marignac  objects  to  this  determination  that  the  oxalate, 
being  insoluble,  may  very  likely  have  retained  portions  of 
the  carbonate  which  could  not  be  removed  by  washing. 
{Bibl  Univ.,  Arch,  des  Sciences,  (2,)  i,  1858,  872.) 

Schneider  answers  that  he  obtained  nearly  identical  results 
from  lots  prepared  at  different  times,  and  that  he  believes 
that  he  has  convinced  himself  that  the  oxalate  contained  no 
carbonate.     {Poggend.  Annai,  107, 1859,  610.) 

Gibbs,  reporting  Schneider's  determination,  remarks: 
"  Very  numerous  and  carefully  made  analyses  of  the  ammo- 
nium-cobalt bases,  executed  in  my  laboratory,  indicate  29.5 
as  the  true  equivalent  of  cobalt."  (SilUman^s  Amer.  Journ.y 
(2,)  iS5,  1858,  438.) 

0.  Marignac  :  about  59  (0  =  16). 

Five  experiments  were  made  on  the  decomposition  of 
cobalt  sulphate  by  heat.  This  salt  can  be  readily  dried 
without  decomposition,  and  the  acid  is  completely  driven 
off  by  heat,  but  the  resulting  protoxide  contains  a  slight 
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excess  of  oxygen.  In  order  to  remove  this  excess  it  was 
melted  under  a  known  weight  of  an  acid  silicate  of  lead. 
The  results  for  cobalt  varied  from  29.82  to  29.88.  The  sul- 
phate was  purified  by  recrystallization.  Mari^nac  also  ex- 
perimented on  the  chloride.  The  weight  of  this  salt  varies 
fjreatly  with  the  moisture  of  the  atmosphere  when  crystal- 
ized,  and  attempts  to  desiccate  it  usually  result  in  the 
formation  of  some  insoluble  compound.  Three  analyses  of 
chloride  appearing  to  contain  one  molecule  of  water,  and ' 
dried  at  100°,  performed  by  titration  with  silver  solution, 
gave  cobalt  at  29.42  to  29.51.  Five  experiments  were  made 
in  the  same  way  on  chloride  either  melted  in  a  current  of 
chlorine  or  of  chlorhydric  acid  gas,  or  calcined  with  ammo- 
nium chloride.  These  determinations  gave  from  29.36  to 
29.42.  {BibL  Univ.,  Arch,  des  Seimces,  (2,)  i,  1858,  874.) 
[Marignac,  in  another  investigation  in  the  same  volume, 
takes  Ag  =  108;  CI  =  35.6.] 

J.  Dumas  :  59  (0  =  16). 

Determined  by  five  experiments  on  the  titration  of  cobalt 
chloride  with  silver.  The  mean  result  for  cobalt  was  29.542 ; 
extreme  difference  0.09 ;  Aff  =  108 ;  CI  =  35.5.  The  chlo- 
ride  was  prepared  by  dissolving  pure  cobalt  in  aqua  regia, 
evaporating  in  the  presence  of  excess  of  chlorhydric  acid 
and  heating  to  redness  in  a  current  of  chlorhydric  acid  cas. 
In  two  of  the  determinations  cobalt  from  a  different  lot, 
which  had  been  heated  in  a  vacuum  was  employed.  {Annal. 
de  Chmie  et  de  Physique,  (3,)  55, 1859, 148.) 

W.  J.  Russell  :  58.74  (0  =  16). 

Determined  by  fifteen  experiments  on  the  reduction  of 
cobalt  oxide  in  hydrogen.  The  value  is  the  mean  ;  the  ex- 
tfeme  difference  is  0.19.  To  obtain  pure  cobalt  oxide 
Claudet's  salt  was  prepared,  purified  by  recrystallization, 
etc.,  reduced  in  hydrogen,  the  metal  dissolved  m  nitric  acid 
and  the  resulting  salt  decomposed  by  heating  in  a  stream 
of  carbon  di-oxide.    {Chem.  /Sbc.  Joum.,  (2,)  i,  1863,  57.) 

Schneider  considers  that  no  sufficient  precautions  were 
taken  to  exclude  air  in  these  experiments,  and  that  higher 
oxides  were  formed.     {Poggend.  AnnaL,  ISO,  1867,  310.) 

E.  VON  SOMMAEUGA  :   60  (0  =  16). 

Determined  by  seven  experiments  on  the  reduction  of 
purpureocobaltic  chloride  in  a  current  of  hydrogen.  The 
mean  of  the  experiments  is  29.965;  four  of  them  give  a 
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mean  29.996.  The  extreme  difference  is  0.098.  The  salt 
was  prepared  by  solution  of  the  carbonate  in  chlorhydric 
acid,  addition  of  ammonia  in  excess^  exposure  to  the  air, 
washing  of  the  precipitate  with  acidulated,  then  with  pure 
water  and  drying  at  110°.  A  special  examination  showed 
it  free  from  other  metals.  Sommaruga  took  CI  =  35.5 ; 
N  =  14.  {Erdmann's  Joum.  fur  Prak.  Chem.,  100, 1867, 118 ; 
Sitz.-Bericht  der  k.  k.  Akad.,  1866.) 

C.  WiNKLBE :  59  (0  =  16).  . 

This  value  is  derived  from  the  mean  of  five  experiments 
on  the  precipitation  of  gold  from  a  solution  of  neutral 
crystallized  chloride  of  gold  and  sodium.  The  metallic 
cobalt  employed  was  prepared  by  the  reduction  of  purpureo- 
cobaltic  chloride.     The  latter  was  made  from  oxide,  and  was 

?urified  by  recrystallization.     Gold  was  assumed  at  196. 
'he  mean  of  the  results  was  29.496 ;  extreme  difference, 
0.071.    {Fresenius'  Zeitschr.fur  Anal.  Chem.,  6,  1867,  22.) 

P.  Welbsky:  58.98  (0  =  16). 

Determined  from  the  analysis  of  cobalti-cyanides,  per- 
formed by  drying  the  salt  at  100^,  and  heating  to  redness, 
first  in  a  current  of  oxygen  then  of  hydrogen.  Four  experi- 
ments with  phenylammonium-cobalti-cyanide  gave  cobalt  at 
from  29.38  to  29.59.  Two  experiments  with  ammonium- 
cobalti-cyanide  gave  from  29.46  to  29.65.  Mean,  29.48; 
extreme  difference,  0.21.  A  single  experiment  by  Winkler's 
method  gave  29.42.  {Berlin,  Bericht  der  Chem.  Qes.,  iP,  1869, 
592.) 

W.  J.  RuBSEL :  58.76  (0  =  16). 

Determined  by  the  amount  of  hydrogen  set  free  by  the 
solution  of  cobalt  in  hydrochloric  acid.  The  value  is  the 
mean  of  2  (or  4  ?)  trials.  The  cobalt  employed  was  that 
reduced  by  Russel  in  his  former  experiments  on  the  same 
atomic  weight.    {Chem.  News,  SO,  1869,  20.) 

K.  H.  Lee:  59.10  (0  =  16). 

Determined  bv  analysis  of  cobalti-cyanide  salts.  They 
were  decomposed  in  a  crucible  by  heating  from  above.  The 
carbon  separated  was  burned  off  in  air  and  then  in  oxygen, 
and  the  metallic  oxide  reduced  in  hydrogen.  Six  experi- 
ments on  the  strychnine  salt  gave  a  mean  of  59.05.  Six 
experiments  on  the  brucine  salt  gave  59.15.     Six  experi- 
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mentB,  made  with  especial  care,  on  the  reduction  of  pur- 

Eureo-cobaltic  chloride  by  hydrogen  gave  69.09.    (Reported 
y  Gibbs.    Berlin,  Bericht  der  Chem.  Ges.,  4, 1871,  789.) 


COPPER. 


Regnault,  Kopp,  and  others  have  determined  the  specific 
heat  of  copper.  It  corresponds  to  an  atomic  heat  of  aboat 
6 if  the  atomic  weight  is  taken  at  63.8.     {Ghnelin-Kraui^  L  c.) 

R.  Chbnbvix:  F.  H.  Wollaston:  5^(0  =  16);  400 
(0=100.) 

Chenevix  found  20  parts  of  oxygen  equivalent  to  100  parts 
of  copper,  whence  Wollaston  deduces  the  atomic  weight 
{PhiL  Trans.,  m,  1814,  21.) 

J.  J.  Bbrzblius  :  6S.e96  (0  =  16);  896.6  (0  =  100). 

Determined  by  two  experiments  on  the  reduction  of  cupric 
oxide  with  hydrogen,  which  gave  896.696  and  896.607.  The 
water  was  not  weighed.  {Poggend.  Annaly  8, 1826, 182 ;  and 
Lehrbuch,  S,  1216.) 

Erdmann  and  Mabohand  :  68.466   (0  =  16) ;  896.6 

(0  =  loo:) 

Determined  by  four  experiments  on  the  reduction  of 
large  quantities  of  cupric  oxide  in  a  current  of  hydrogen. 
The  hydrogen  was  displaced  by  air  after  the  completion  of 
the  reduction.  The  weight  pf  the  oxide  and  of  tne  copper 
were  reduced  to  vacuum,  but  not  that  of  the  weights  em- 
ployed. To  obtain  pure  cupric  oxide,  pure  vitrei  was  pre- 
pared and  electrolytically  decomposed.  The  copper  thus 
obtained  was  dissolved  in  nitric  acid,  and  the  nitrate  decom- 
posed by  heat.  The  value  is  the  mean;  the  extreme  differ- 
ence is  0.056  for  0  =  8,  or  0.112  for  0  =  16.  {Erdm.  Joum. 
fur  Prak.  Chem.,  SI,  1844,  389.) 

Berzelius  points  out  that  these  analyses  vary  among^  them- 
selves much  more  than  his  own.  He  makes  the  difference 
somewhat  greater  than  it  really  is  by  neglecting  the  reduc- 
tion to  vacuum.     {Ibid.,  S7, 1846,  72.) 

Hampe  shows  that  these  analyses,  correctly  calculated, 
give  Cu  =  63.46.     (Zeitschr,  fur  Berg  Hutten-und-Sal'  Wesen 
im  Preus.  St.,  SI,  1873,  261.) 
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J.  Dumas  :  68.5  (0  =  16). 

Dumas  says  that  experiments  on  the  redaction  of  cuprio 
oxide  and  on  the  sulphidation  of  copper  have  shown  him 
that  the  atomic  weight  of  copper  lies  between  81.5  and  32, 
near  31.75,  but  that  his  experiments  cannot  be  regarded  as 
decisive.     {Annal.  de  Chimie  et  de  Physique,  (8,)  55, 1869, 129.) 

MiLLON  and  Commaille:   68.128  (0  =  16);   394.55 
(0  =  100). 

These  (three)  experiments  were  in  most  respects  a  repeti- 
tion of  Erdmatin  and  Marchand's.  The  value  is  the  mean ; 
the  extreme  diflference  is  0.49  for  0  =  100,  or  0.0784  for  O 
=  16.  The  sulphate  was  prepared  free  from  iron  or  zinc 
by  dissolving  copper  in  ammoniacal  sulphate  or  nitrate. 
The  oxide  was  obtained  by  heating  the  nitrate.  (Paris 
Comptes  Rendus,  66,  1863,  1249;  and  67\  1868, 145.) 

Fresenius  sees  no  reason  for  preferring  this  to  Erdmann 
and  Marchand's  value.  [Fresenius'  Zeitschr.fUr  Anal.  Chem.y 
S,  1868,  474.) 

W.  Hampb  :  68.3296  (0  =  16). 

In  three  experiments  cupric  oxide  was  reduced  in  a  cur- 
rent of  hydrogen  with  all  possible  precautions.  The  hydro- 
gen was  displaced  by  air  oefore  weighing,  though  it  was 
shown  by  experiment  that  porous  copper  does  not  condense 
hydrogen.  The  metal  was  heated  till  incipient  melting  was 
ODserved.  The  reduction  and  melting  were  repeated  with- 
out altering  the  weight.  Hampe  attempted  to  control  his 
results  by  reconverting  the  metal  into  oxide,  but  was  unable 
to  effect  complete  oxidation.  The  water  produced  by  the 
reduction  was  found  to  be  perfectly  pure.  The  mean  result 
was  Cu  =  31.6696,  maximum,  81.6729,  minimum,  31.6648. 
The  oxide  was  prepared  from  metallic  copper.  To  obtain 
pure  metallic  copper,  sulphate  free  from  bismuth  was  elec- 
trolytically  decomposed,  the  finely  divided  metal  well  washed, 
then  melted,  first  in  a  current  of  carbon  di-oxide,  afterwards 
in  hydrogen,  and  then  again  in  carbon  di-oxide.  From  the 
metal,  basic  nitrate  was  formed  and  from  this  salt,  by  heat- 
ing first  in  air  and  then  in  oxygen,  oxide.  In  two  experi- 
ments the  atomic  weight  of  copper  was  determined  by 
decomposing  cupric  sulphate  by  electrolysis,  and  weighing 
the  metal.  The  residual  fluid  was  evaporated,  and  a  minute 
amount  of  copper,  which  had  escaped  decomposition,  was 
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recovered  and  determined  ae  sulphide.  For  S  =  16.037  and 
0  =  8,  these  experiments  gave  Cu  =  31.6577  and  31.66. 
The  value  taken  is  the  mean  of  the  two  series.  All  weigh- 
ings were  reduced  to  vacuum.  (Zeiischr.  fur  Berg  HiiMen^ 
mi  Sal-  Wesen  im  Preus.  St.,  21, 1873,  260.) 


DIDYMIUM. 


W.  F.  Hillebrand  found  the  specific  heat  pf  this  metal 
0.04563,  which  corresponds  to  an  atomic  heat  of  6.60  for 
an  atomic  weight  of  144.78.  {Foggend.  Annal,  158, 1876, 78.) 

C.  Marignac:  148.8  (0  =  16);  930  (0  =  100). 

Determined  by  decomposing  disulphate  with  barium  chlo- 
ride. Assuming  the  lower  oxide  as  a  prot-oxide,  he  calcu- 
lated the  atomic  weight  at  620.  As  Marignac  was  not 
confident  of  the  purity  of  his  salt,  and  subsequently  became 
certain  that  the  method  was  untrustworthy,  details  are 
unnecessary.     (Liebig^s  Annul.,  71,  1849,  313.) 

C.  Marignac  :  1^3.81  (0  =  16) ;  898.8  (0  =  100). 

Five  experiments  were  made  on  the  sulphate  by  decom- 
position with  ammonium  oxalate.  The  didymium  oxalate 
was  heated  to  redness,  and  the  resulting  oxide  weighed. 
On  the  assumption  that  the  oxide  was  protoxide,  these 
determinations  gave  a  mean  of  598.2  for  Di,  with  an  ex- 
treme difference  of  2.5.  Three  experiments  were  made  on 
the  chloride,  the  insoluble  oxychloride,  which  is  unavoida- 
ble in  drying  the  salt,  beinff  separated.  The  chlorine  was 
determined  with  silver,  and  the  Di  as  in  the  previous  experi- 
ments. These  determinations  gave  Di  at  600.2,  with  an 
extreme  difference  of  5.2  for  CI  =  443.2  and  S  =  200.  The 
salts  were  prepared  from  cerite.  The  cerium  was  extracted 
by  treatment  at  first  with  dilute  and  afterwards  with  con- 
centrated nitric  acid.  The  sulphates  of  Di  and  La  were 
separated  by  partial  precipitation  with  oxalic  acid  and  by 
pwtial  recrystallization.  {Annal.  de  Chimie  et  de  Phys.,  (3,) 
S8, 1853,  148.) 

R.  Hermann  :  I4S.U  (0  =  16);  890.25  (0  =  100). 

In  one  experiment  sulphate  which  had  been  heated  to  a 
low  red  heat,  was  dissolved,  decomposed  with  ammonium 


Digitized  by 


Google 


52  ATOMIC  WEIGHT  DETERMINATIONS. 

oxalate,  the  precipitate  incinerated  and  the  oxide  weighed. 
The  result  was  Di  =  694.46,  on  the  prot-oxide  hypothesis, 
for  S  =  200. '  In  one  experiment  the  chloride  w^  decom- 
posed with  argentic  nitrate,  oxychloride  being  filtered  off 
and  allowed  for,  and  the  argentic  chloride  weighed.  This 
experiment  gave  Di  =  592.54  for  CI  =  443.2.  For  the  prep- 
aration of  the  salt  see  Lanthanium.  [ErdmanrCs  Jowm.fiir 
Prak.  Chem.j  8Sj  1861,  387.) 

H.  ZscHiESCHE :  About  144-  (0  =  16). 

In  five  experiments  the  sulphate  was  exposed  to  a  white 
heat  until  tne  weight  became  constant  and  the  oxide  on 
being  tested  showed  no  traces  of  sulphur.  The  results 
varied  from  Di  =  46.585  to  48.08,  probably,  Zschiesche 
thinks,  on  account  of  the  presence  of  La.  S  s:5l6.  Di  was 
separated  from  La  by  the  partial  precipitation  of  the  nitrates 
with  oxalic  acid,  the  first  portion  falling  being  redissolved, 
and  the  partial  precipitation  repeated  twenty  times.  {Mrd- 
mann's  Joum.fur  Prak.  Chem.^  107 ^  1869,  74. 

C.  Erk  :  142.696  (0  =  16). 

The  sulphate  was  decomposed  with  ammonium  oxalate, 
the  oxalate  incinerated  and  the  oxide  weighed.  The  sul- 
phuric acid  was  also  precipitated  as  barium  salt,  and 
weiffhed.  Three  experiments  gave  a  mean  of  Di  =55  95.13, 
on  the  prot-oxide  hypothesis,  with  an  extreme  difference  of 
0.78.  The  Di  salt  was  found  to  contain  yttrium  which  was 
removed  by  repeated  fractional  precipitation  with  sodium 
sulphate.  This  re-agent  precipitates  a  double  salt  of  Di  and 
sodium.  The  purification  was  continued  until  the  atomic 
weight  became  constant.  {Kopp'sJahresberichty  1870,  819, 
Jena'sche  ZeitschryfUr  Med.  und  Nat,  ff,  299.) 

Casselmann  thinks  that  the  salt  may  still  have  retained 
yttrium,  and  Fresenius  objects  to  the  barium  sulphate 
determination  on  the  well-known  grounds.  (Fresenius' 
Zeitschr^  10,  510.) 

D.  Mbndblbjepf  :  138  (0  =  16). 

From  the  analogy  between  Di  and  cerium  and  other 
elements,  and  from  the  fact  that  it  forms  two  oxides,  Men- 
delejeff  believes  that  its  lower  oxide  is  a  sesqui-oxide,  and 
its  atomic  weight  138.  Mendelejeff  points  out  that  an 
error  is  to  be  apprehended  in  the  received  values  from  the 
fact  that  we  have  no  guarantee  of  the  pureness  of  Di  salts 
except  recrystallization.  ILiebig's  Annal  Suppl  8,  1871, 
190.) 
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P.  T.  Clbvb  :  147.01  (0  =  16). 

Determined  by  the  conversion  of  didy mium  oxide  into  flul- 
phate.  The  number  is  the  mean  of  six  experiments ;  ex- 
treme difference  0.58.  The  Di  was  separated  from  lantha- 
nium  by  repeated  precipitations  of  basic  nitrate  from  nitric 
acid  solution,  conversion  into  formate  and  decomposition  of 
this  salt  by  heat.  {Kopp's  Jahresbericht,  1874,  259.  BuUe- 
tm  Soc.  (Mmique,  (2,)  SI,  246.) 

W.  F.  HiLLBBBAND :  144.78  (0  =  16). 

Determined  by  one  experiment  on  the  (Conversion  of 
metallic  Di  into  nitrate,  and  then,  by  heat,  into  oxide.  The 
impurities  were  determined.  The  metal  was  reduced  elec- 
trolytically  from  the  chloride.  {Poggend.  Annal.^  168 y  1876, 
78.) 


ERBIUM. 


The  physical  and  chemical  analogies  of  the  salts  of  this 
element  have  led  Mendelejeff  {Liebig^s  Annal.,  SuppL  <9, 1871, 
195,)  and  P.  T.  Cleve  {Kopp's  Jahresbericht,  1874,  260;  Bui- 
ktin  Soc.  Chimique,  (2y)  Sly  344,)  to  regard  it  as  triatomic, 
and  its  atomic  weignt  as  about  170. 

M.  Dblapontainb  :  IISM  (O  =  16). 

M.  Delafontaine  investi^ted  ^dolinite  by  Mosander's 
method,  and  obtained  besides  yttrium,  two  substances  which 
he  re^rded  as  erbium  and  terbium.  From  the  sulphates, 
in  which  he  supposed  the  metals  to  exist  as  protoxides,  he 
determined  erbium  at  496  and  terbium  at  471  for  0  =  100. 
Popp  {lAdng^s  Annalenj  ISl^  189,)  and  Bunsen  and  Bahr 
{Ibidy  lS7y  1,)  have  shown  that  Mosander's  method  ffives 
only  mixtures.  Delafontaine's  terbium  is  thought  to  have 
been  chiefly  the  erbium  of  other  chemists.  {Lkoifs  AnruiLy 
IS^  1865, 108.) 

Bahb  and  Bunsbn  :  168.9  (O  =  16). 

A  known  weight  of  erbium  oxide  was  treated  with  a  very 
slightly  excessive  quantity  of  sulphuric  acid ;  the  solution 
evaporated  and  the  excess  of  acid  driven  off  at  as  low  a 
temperature  as  possible.  The  increase  of  weight  indicates 
112.6  for  8  =  32.     The -oxide  was  prepared  from  gadoli- 
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nite.  The  minepal  was  decomposed  with  chlorhydric  acid, 
and  the  earths  precipitated  with  oxalic  acid.  The  oxalates 
were  converted  into  nitrates,  the  cerium  metals  separated 
with  potassic  sulphate,  and  calcium  and  magnesium  with 
ammonia.  If  the  nitrates  of  yttrium  and  erbium  ^re  dis- 
solved in  boiling  water,  basic  erbium  nitrate  with  some 
yttrium  crystallizes  out,  leaving  yttrium  nitrate  with  some 
erbium  in  solution.  The  process  of  partial  crystallization 
was  continued  as  long  as  the  atomic  weight  of  the  erbium 
salt  continued  increasing.  Bahr  and  Bunsen  believe,  how- 
ever, that  the  atomic  weight  may  be  some  hundredths  higher. 
The  salt  was  spectroscopically  free  from  didymium.  {Liebig^s 
Annul.,  137,  1866,  2.) 

P.  T.  Clbve  and  0.  M.  Hoeglund  :  170.65  (0  =  16). 

Determined  from  four  syntheses  of  the  sulphate,  givin^ 
113.7  on  the  diatomic  hypothesis.     The  oxide  was  purifie 
by  heatingthe  nitrates,  etc.,  according  to  Berlin.     (Bhrn- 
strand  in  B€rlin,Ber.  der  Ghem.  Ges.,  1873, 1467;  BiUl.  Soc. 
Chimique,  1873, 193  and  289.) 


FLUORINE. 


Dumas  and  Peligot  and  others  have  determined  the  vapor- 
density  of  a  number  of  fluorine  compounds.  They  corres- 
pond to  an  atomic  weight  of  about  19.     {L.  Meyer,  I.  c.) 

H.  Davy:  18.86  (0  =  16). 

Determined  by  the  conversion  of  Derbyshire  spar  into  sul- 
phate. 100  parts  of  spar  gave  a  maximum  of  175.2  parts 
calcic  sulphate.  [If  S  =  32 ;  Ca  =  40 ;  the  value  follows.] 
{PhU.  Trans.,  m,  1814, 64.) 

J.  J.  Berzelius  :  18.85  (0  =  16). 

Determined  by  conversion  of  calcic  fluoride  into  sulphate. 
100  parts  fluoride  gave,  in  mean  of  three  experiments,  175 
parts  sulphate;  extreme  difference,  0.2.  [if  S===32;  Ca 
=  40;  the  value  follows.]  {Poggend.  Annat.,  8,  1826,  18, 
and  Lehrbuch,  S,  1196.) 
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P.  LouYBT  :  19  (0  =  16). 

Determined  by  six  experiments  on  the  conversion  of  fluor- 
spar into  calcic  sulphate.  The  mean  result  was  100  parts 
spar  equal  174.36  sulphate,  with  an  extreme  diflference  of 
0.3.  Spar  from  Derbyshire  was  pulverized,  digested  with 
chlorhydric  acid,  and  the  foreign  matter  removed  by  lutra- 
tion  in  water.  It  was  completely  dissolved  in  sulphuric  acid, 
the  excess  of  which  was  driven  off  by  heat  continued 
till  a  constant  weight  was  obtained.  S  =  200 ;  Ca  =  250. 
{Erdmcmn's  Joum.  fur  Prak,  Ghem.y  47 ^  1849, 104 ;  Annal.  de 
(Mm.  et  de  Phys.,  (3,)  «5, 1849,  291.) 

E.  Feemt. 

This  chemist  says  that  his  analyses  essentially  confirm 
Berzelius'  determination.  {Annal.  de  Cfdmie  et  de  Phys,j  (8,) 
47, 1856,  27.) 

J.  Dumas  :  19  (0  =  16). 

Determined  by  the  conversion  of  fluorides  into  sulphates. 
A  single  experiment  on  the  conversion  of  calcic  nuoride 
gave  18.96 ;  two  experiments  on  sodic  fluoride,  19.06 ;  and 
two  on'potassic  fluoride,  18.99.  The  mean  is  19.01;  ex- 
treme difference,  0.12.  Ca  =  20 ;  Na  =  23 ;  K  =  89 ;  S  = 
16.  The  alkaline  salts  were  well  crystallized  and  were  fused 
before  use.    (Annal.  de  Chim.  et  de  Phys.,  (3,)  55,  170.) 

8.  DB  Lucca:  18.96  (0  =  16). 

Determined  by  four  experiments  on  the  conversion  of  a 
pure  spar  from  Gerfalco  into  sulphate.  The  extreme  differ- 
ence was  0.15.  The  decomposition  was  very  difficult.  The 
loss  on  iffnition  and  the  residue  left  on  evaporation  of  the 
acid  employed  were  taken  into  consideration.  [S  apparently 
=  16;  Ca  =  20.]    [Paris  Omptes  Rendus,  61,  I860,  299.) 


GALLIUM. 


Berthelot  has  determined  the  specific  heat  of  ^llium  at 
0.079  corresponding  to  an  atomic  heat  of  5.52,  if  tne  atomic 
weight  is  69.9.     {Paris  Comptes  Bend.,  86, 1878,  786.) 
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L.  DB  BOISBADDBAN  :    69.9  (0  =  16). 

This  chemist  "has  prepared  several  chlorides,  [samples 
of  chloride  ?]  several  bromides,  and  several  anhydrous  iodides 
of  gallium.  He  has  determined  the  atomic  weight  of  gal- 
lium, and  found  it  69.9,  (mean  of  two  experiments.) "  (Riris 
Comptes  Rmd.,  86,  1878,  756.) 


GOLD. 


Dulong  and  Petit  and  Regnault  have  determined  the 
specific  heat  of  gold.  It  corresponds  to  an  atomic  weight  of 
aoout  200.     {Gmelin-Kraut,  L  c.) 

J.  J.  Berzblius  :  1964  (0  =  16). 

Determined  by  the  amount  of  mercury  necessary  to  pre- 
cipitate a  known  weight  of  gold  from  solution  of  chloride. 
142.9  mercury  were  found  equivalent  to  93.55  gold.  [If 
Hg  =  200,  this  gives  Au  =  196.397.]  {Poggend.  Annal,  8,. 
1826, 178.) 

T.  Thomson  :  200  (O  =  16). 

This  value  is  derived  from  a  somewhat  inaccurate  experi- 
ment on  the  reduction  of  auric  chloride  by  ferrous  sulphate. 
{Edinb.  Trans.  Boy.  Soc,  11, 1831,  26.) 

J.  J.  Bbrzelius  :  196.73  (O  =  16). 

Determined  by  five  experiments  on  the  relative  amount 
of  gold  and  of  potassic  chloride  in  the  residue  obtained  by 
heating  the  douole  chloride  of  the  two  metals  in  an  atmos- 
phere of  hydrogen.  [Calculated  for  KCl  =  74.594,  (Stas,) 
these  experiments  give  a  maximum  of  196.79,  minimum  of 
196.63  and  a  mean  of  196.727.  The  atomic  weight  derived 
from  the  first  experiment  is  misprinted  in  the  Lehrbuch,  as 
is  the  mean  in  the  Jahresbericht]  {Berzelius'  Jakresberichty 
SS,  1846,  41]  and  Lehrbuch,  S,  1845, 1212.) 

A.  Levol  :  196,26  (0  =  16). 

A  known  weight  of  ^old  was  converted  into  chloride,  and 
this  salt  decomposed  m  boiling  solution  bv  a  current  of 
pure,  washed  sulphurous  acid.     The  sulphuric  acid  formed 
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was  precipitated  as  barium  salt,  and  the  atomic  weight  cal- 
culated by  comparison  of  the  gold  employed  and  the  oarium 
sulphate  obtained.  1000  gold  gave  1782  sulphate.  [If  the 
atomic  weight  of  S  =  82.0742,  and  that  of  Ba  =  187.()8,  the 
above  value  follows.]  {Annal.  de  Chimie  et  de  Phys.,  (8,)  SO^ 
1860,  856.) 


HYDROGEN. 


The  density  of  hydrogen  as  determined  by  a  great  num- 
ber of  investigators,  esjjecially  Regnault,  is  about  ^  of  that 
of  oxygen.  &  oxygen  is  16,  the  atomic  weight  of  hydrogen 
is  consequently  about  1. 

The  atomic  weights  of  the  elements  are  compared  either 
with  that  of  oxygen  or  with  that  of  hydrogen.  The  main 
advantage  of  assuming  hydrogen  as  unity  is  the  simplicity 
of  the  approximate  values  expressed  in  terms  of  the  atomic 
weight  of  this  element.  The  hypothesis  of  Prout  has  also 
had  much  influence  in  giving  currency  to  this  unit.  The 
advantages  of  oxygen  as  a  standard  of  comparison  consist 
in  the  fact  that  it  combines  with  all  the  elements,  except 
fluorine,  and  in  the  superior  accuracy  of  the  determination 
of  its  specific  gravity.  The  percentage  variation  between 
Regnault's  determinations  of  the  specific  gravity  of  hydrogen 
was  thirty-six  times  as  great  as  occurred  in  his  experiments 
on  oxygen.  Unnecessary  complication  in  the  approximate 
values  of  the  atomic  weights  is  as  well  avoided  by  assuming 
oxygen  at  16  as  by  taking  hydrogen  at  1. 

These  reasons  for  the  adoption  of  the  atomic  weight  of 
oxygen  as  a  standard  of  comparison  appear  to  me  conclu- 
sive, and  accordingly  all  values  in  this  paper  have  been  re- 
duced to  0  =  16. 

F.  H.  WoLLASTON :  1.06  (0  =  16 ) ;  6.64  (0  =  100). 

€kky-Lussac  and  Humboldt  having  shown  that  two  vol- 
umes of  hydrogen  and  one  of  oxygen  form  water,  and  Biot 
and  Arago  having  determined  the  specific  gravity  of  these 
^ses,  Wollaston  calculated  the  above  atomic  weight.  (PhU. 
Trans.,  10^,  1814,  20.) 

Bebzblius  and  Dulong  :  0.9984  (0  =  16) ;  6.24  (O 
=  100). 

Determined  by  three  experiments  on  the  reduction  of 
cupric  oxide  by  hydrogen.     The  hydrogen  was  made  from 
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pure  materials,  and  passed  through  a  solution  of  litharge 
ID  potash,  and  over  a  coarse  powder  of  caustic  potash 
before  use.  The  resultant  water  was  caught  in  calcic  chlo- 
ride and  weighed.  The  determination  was  also  confirmed 
by  experiments  on  the  specific  gravity  of  oxygen  and 
hydrogen.  The  minimum  result  for  hydrogen  was  0.9934, 
the  maximum  1.0086.  {Thomson's  Annals  o/  PM,  jS,  1821, 
48.) 

T.  Thomson  :  i  (0  =  16) ;  6.25  (0  =100). 

Thomson  found  the  Sp.  Gr.  of  H  =  0.0694.  Taking  that 
of  0  as  1.1111  on  theoretical  grounds  (the  supposed  com- 
pound nature  of  air,  etc.,)  he  calculates  the  above  value. 
{M-dmann's  Joum.  fur  Prak.  Chem.,  5,  1836,  374;  Records 
of  Gen.  Scu,  R.  D.  Thomson,  1836, 179.) 

J.  Dumas  :  1.001^  (O  =  16) ;  6.2575  (0  =  100). 

Determined  by  nineteen  experiments  on  the  reduction  of 
cupric  oxide  with  pure  hydrogen.  The  gas  was  made  from 
pure  materials  and  was  passed  through  solutions  of  plumbic 
nitrate  and  argentic  sulphate,  and  over  potash,  and  dried 
with  cold  sulphuric  acid  or  with  phosphoric  acid.  The 
weighings  of  the  oxide  and  of  the  reduced  copper  were 
made  in  vacuo.  [T)umas  corrected  the  results  obtained  for 
the  air  contained  in  the  sulphuric  acid,  but  does  not  ex- 
plain how  he  estimated  it,  while  certain  other  possible  cor- 
rections are  not  mentioned.]  The  mean  of  the  corrected 
results  is  12.515.  The  extreme  difference  is  0.09  for  O  = 
100.  Without  the  correction  for  absorbed  air  the  mean  is 
12.533,  for  1.00264];  maximum  12.583;  minimum  12.481. 
{Paris  Comptes  Rend.,  U,  1842,  537.) 

Eedmann  and  Mabohand:  1.0016  (0  =  16);   6.26 
(0  =  100). 

Determined  by  eight  experiments  on  the  reduction  of 
cupric  oxide  with  hydrogen,  the  number  is. the  mean  of  the 
results.  In  four  of  the  experiments  the  correction  for 
vacuum  was  calculated.  These  gave  H  =  12.548 ;  extreme 
difference,  0.067.  Li  four  experiments  the  weighings  were 
made  in  vacuo.  These  gave  a  mean  of  12.492,  with  an  ex- 
treme difference  of  0.015.  The  oxide  employed  was  either 
copper  scale  or  was  produced  from  cupric  nitrate.  The 
hydrogen  was  made  from  pure  zinc  and  sulphuric  acid,  and 
was  purified  with  potash  in  solution  and  in  lumps,  mercuric 
chloride,  sulphuric  acid,  and  chloride  of  calcium.     In  the 
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last  five  experimentd  the  gas  was  also  passed  over  red-hot 
copper  to  remove  traces  of  oxygen.)^  {JErdmann's  Jovm. 
fur  Prak.  Chem.,  £6,  1842,  461.) 

J.  S.  Stas:  1.0025  (0  =  16). 

From  all  the  investigations  that  have  been  made  on  the 
specific  gravitv  of  the  gases,  the  composition  of  water,  etc., 
Stas  is  inclined  to  believe  that  the  atomic  weight  of  hydrogen 
cannot  be  less  than  above.  Stas  found  that  100  silver  were 
equivalent  to  49.5973  ammonium  chloride.  [If  N  =  14.044, 
and  01  =  35.457,  this  relation  would  give  H  =  1.0074.] 
{SlaSy  Untersuch.  iiber,  Chem.  Prop.,  Leipzig,  1867.) 

J.  Thomsen  :  1.00Z5  (0  =  16). 

Thomsen  made  three  experiments  on  the  oxidation  of  a 
known  volume  of  hydrogen  by  cupric  oxide,  and  five  ex- 
periments on  the  combustion  of  a  known  volume  of  hydro- 
gen in  oxygen,  which  proved  that  2  litres  of  hydrogen  gave 
1.6082  grammes  of  water  under  normal  conditions,  and  at 
latitude  45®.  According  to  Regnault,  1  litre  of  oxygen  and 
2  litres  of  hydrogen  would  weigh  1.6084  grammes.  Hence 
1  volume  oxygen  and  2  volumes  hydrogen  form  water ;  and 
if  H  =  1,  0  =  15.96,  [or  if  O  =  16,  H  =  1.0025.]  {Berlin, 
Ber.  der  Chem.  Ges.,  S,  1870,  928.) 


INDIUM. 


Bunsen  found  the  specific  heat  of  In  0.565  and  0.574, 
which  correspond  to  an  atomic  weight  of  about  114.  {Pog- 
gend.  ArmaL,  14Jj  28.) 

P.  Kbich  and  T.  Richtbr  :  111.39  (0  =  16). 

In  one  experiment  pure  indium  was  dissolved  in  nitric 
acid,  the  oxide  precipitated  with  ammonia  and  weighed. 
This  experiment  cave  In  =  463.4  for  0  =  100,  and  on  the 
supposition  that  the  metal  was  di-atomic.  In  a  second  ex- 
periment indium  sulphide  was  dissolved  in  nitric  acid,  and 
the  resulting  sulphuric  acid  precipitated  with  barium  chlo- 
ride. This  gave  In  =  464.9.  The  number  taken  is  the  mean. 
S  =  200.  The  metal  was  prepared  from  the  oxide.  After 
the  removal  of  lead,  etc.,  with  hydrogen  sulphide,  the  oxides 
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of  iron  and  iDdiom  were  precipitated  with  ammonia,  the 
precipitate  dissolved  in  acetic  acid  and  impure  indium  sul- 

f)hide  reprecipitated.  This  operation  was  repeated,  and  the 
ast  traces  of  iron  were  removed  by  partial  precipitation 
with  ammonia.  {Erdmann's  Joum.  fur  Prak.  Chem.^  9Sy 
1864,  484.) 

C.  Winkler:  107.76i  (0  =  16). 

Determined  by  decomposing  the  nitrate  by  heat,  and 
weighing  the  resulting  oxide.  The  mean  result  of  three 
experiments  was  In  =  35.918  for  0  =  8,  and  assuming 
the  univalence  of  the  metal.  Extreme  diftereoce,  0.079. 
Metallic  indium  was  prepared  by  solution  of  the  impure 
sulphide  in  chlorhydric  acid,  precipitation  of  indium  by 
barium  carbonate,  solution  in  sulphuric  acid,  and  precipita- 
tion by  ammonia  of  the  oxide  which  was  reduced  by 
hydrogen.  [This  indium  seems  to  have  contained  iron.] 
(ErdmanrCs  Journ.fiir  Prak.  Ghem.y  94-^  1865,  1.) 

C.  Winkler:  113.439  (0  =  16). 

In  two  experiments  the  double  chloride  of  gold  and  so- 
dium was  decomposed  by  pure  indium,  giving  37.78  and 
87.80  for  0  =:  8,  and  assuming  univalence  for  the  metal. 
In  two  experiments  the  nitrate  was  decomposed  by  heat, 
giving  In  =  37.845  and  37.879.  In  one  experiment  the 
oxide  was  precipitated  from  nitric  acid  solution  by  ammonia. 
This  experiment  gave  In  =  37.811.  The  number  taken  is 
the  mean.  The  impure  indium  sulphide  was  purified  as  in 
Winkler's  former  determination  with  barium  carbonate,  but 
this  process  requires  to  be  repeated  several  times.  The  re- 
duction of  the  oxide  was  performed  with  sodium,  the  excess 
of  which  was  removed  from  the  regulus  by  cupellation  in 
Boda.    {Erdmanrea  Joum.  fur  Prak.  Chem.,  102, 1867,  282.) 

R.  Bunsen  :  113.76  (O  =  16). 

Determined  by  converting  metallic  indium  into  oxide  by 
means  of  nitric  acid  and  heat.  He  seems  to  regard  the  ex- 
periment only  as  confirmatory  of  Winkler's.  The  metal 
was  the  same  which  served  for  the  determination  of  the 
specific  heat,  and  was  carefully  tested  for  all  impurities. 
{jPoggend.  Annal.,  1^1, 1870,  28.) 
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IODINE. 


Dumas  determined  the  specific  srsmty  of  iodine  vapor. 
It  answers  to  an  atomic  weight  of  about  127.  {Annou.  de 
Chim.  et  de  Phys.,  SS,  1826,  837.) 

L.  J.  Gay-Lussao  :  1SS.9  (O  =  16). 

100  parts  of  iodine  were  found  equivalent  to  26.225  parts 
of  zinc.  [If  Zn  =  65,  these  figures  give  the  atomic  weight 
at  123.9.]  (Poggend.  Annal,  I4,  1828,  559;  Annal  de 
Ghimie,  91,  1814,  5.) 

W.  Prout:  1^6  (0  =  16). 

Prout  found  100  parts  of  iodine  equivalent  to  25.8  parts 
of  zinc.  [If  Zn  =  65,  this  gives  I  =  125.97.]  {Thomson's 
Armals  ofPhU.,  6,  1815,  323.) 

T.  Thomson  :  lU  (0  =  16) ;  775  (0  =  100). 

Thomson  found  20.5  potassic  iodide  =  19.75  zinc  iodide, 
=  20.75  plumbic  nitrate.  [If  K  =  39.1,  and  plumbic  nitrate 
=  331,  the  relation  given  leads  to  an  atomic  weight  of  124.41.] 
Thomson  thinks  that  his  iodine  may  have  been  somewhat 
impure,  as  he  purified  it  only  by  sublimation.  {ThomsorCs 
System  of  Chem.,  7th  ed.,  i,  1831,  81.) 

J.  Dumas  :  1S6JS  (0  =  16). 

Dumas  determined  the  density  of  iodine  vapor  at  8.716 
for  air  =  1.  [Referred  to  the  molecular  weight  of  oxygen, 
this  density  gives  the  above  number  for  the  atomic  weignt] 
Damas  thinks  it  probable  that  it  can  be  more  accurately 
determined  by  analysis.  {Annal.  de  Chim.  et  de  Phys.y  S3, 
1826,  337.) 

J.  J.  Bbezbuus  :  126.26  (0  =  16) ;  789.14  (0  =  100). 

Determined  by  decomposing  a  known  weight  of  argentic 
iodide  in  a  current  of  chlorine,  melting  the  chloride  and 
expelling  free  chlorine  by  atmospheric  air.  The  number  is 
the  mean  of  two  experiments ;  difference,  0.01.  Ag  = 
1851.607;  01  =  442.653.  The  iodide  was  prepared  by  pre- 
cipitation from  a  solution  of  potassic  iodiae  with  argentic 
nitrate.  The  first  portion  of  the  precipitate  was  set  aside 
as  possibly  contaminated  with  chlorine.  {Poggend.  Ann., 
U,  1828,  562.) 
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C.  Mariqnac:  126.844  (0  =  16). 

In  five  experiments  a  known  weight  of  silver  was  dissolved 
in  nitric  acid  and  precipitated  by  a  known  amount  of  potas- 
sic  iodide  according  to  r  elouze's  modification  of  Qay-Lussac^s 
method.  The  mean  result  was  100  Ag  =  158.74  KI  in  air ; 
extreme  difference,  0.14.  Stas  has  recalculated  this  result 
for  Ag  =  107.93,  and  K  =  39.137.  The  atomic  weight  so 
found  is,  in  vacuo^  126.847.  In  three  experiments  a  known 
weight  of  silver  was  dissolved  and  precipitated  as  iodide ; 
mean  result,  100  Ag  =  217.511  iodide.  Extreme  difference, 
0.04.  From  these  data  Stas  ^ets  I  =  126.84.  The  iodine 
was  purified  by  recrystallization  as  potassic  iodate.  The 
methods  employed  by  previous  experimenters  were  ineffec- 
tual. {Berzelius'  Jahresberichty  i84y  75 ;  BibL  Univ.  de  Genive^ 
46 y  1842,  367;  also,  Stas,  Untersuch.  uber  Chem.  Prop,,  158.) 

E.  MiLLON  :  liB6.07  (0  =  16) ;  787.915  (0  =  100). 

Three  experiments  were  made  on  the  decomposition  of 
potassic  iodate.  The  mean  loss  of  oxygen  was  22.473  per 
cent;  extreme  difference,  0.03.  If  K  =  488.94,  this  gives  1  = 
1580.93.  In  three  experiments  argentic  iodate,  which  had 
been  dried  for  a  long  time  at  200°,  was  employed,  which  lost 
17.0467  per  cent,  oxygen;  extreme  difference,  0.03.  If  Ag 
=  1349.01,  these  data  give  I  =  1570.73.  [Berzelius  cites 
this  as  an  atomic  weight  determination ;  Alillon,  however, 
seems  to  have  regarded  it  only  as  a  confirmation  of  Ber- 
zelius' number.]  Alillon  prepared  pure  iodine  by  passing  a 
current  of  chlorine  through  a  solution  of  KI  till  the  precipi- 
tated I  was  redissolved,  and  reprecipitating  with  an  excess 
of  KI.     {AnnaL  de  Chim.  et  de  JPhys.,  (3,)  5,  1843,  407.) 

V.  A.  Jacquelin:  125.6  (0  =  16);  785  (0  =  100). 

Determined  by  the  analysis  of  iodic  acid  with  silver. 
The  acid  was  prepared  by  the  oxidation  of  iodine  with 
nitric  acid  of  sp.  gr.  1.5.  The  purity  of  the  preparation 
does  not  seem  to  have  been  tested.  Ag  =  1351.  (Urd- 
mannas  Joum.fur  Prak.  Chem.,  61, 1850, 458 ;  AnnaL  de  Chim. 
et  de  Phys.,  (3,)  SO,  1850,  332.) 

J.  Dumas  :  127  (0  =  16). 

Determined  by  the  conversion  of  argentic  iodide  into 
chloride  in  a  current  of  dry  chlorine.  Two  experiments 
gave  127.04  and  127.01  for  Ag  =  108 ;  CI  =  35.5.  In  Gme- 
lin-Kraut's  Eandbuch  these  data  are  recalculated  for  Ag  = 
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107.93  and  CI  =  35.457,  giving  I  =  126.941  and  126.928. 
The  ar^ntic  iodide  used  was  prepared  from  zinc  iodide 
which  had  been  prepared  from  iodine  in  large  crystals. 
The  argentic  iodide  was  fused.  {ArmaL  de  Chinu  et  de 
Ph/8.y  (3,)  55, 1859, 163.) 

J.  S.  Stas  :  126.861. 

Stas  ascertained  the  molecular  weight  of  argentic  iodide 
as  follows : 

In  two  complete  analyses,  a  known  weight  of  argentic 
iodate  was  decomposed  by  heat  in  a  current  of  pure,  dry 
nitrogen.  The  oxycen  set  free  was  caught  by  hot  copper 
and  weighed,  as  well  as  the  residual  argentic  iodide.  In 
one  experiment  argentic  iodate  was  dissolved  in  ammonia, 
precipitated  by  sulphuric  acid,  (to  secure  advantageous  divi- 
sion of  the  salt,]  and  reduced  while  in  suspension  by  a  slow 
current  of  sulpnurous  acid.  The  mean  molecular  weight 
reached  was  284.779;  extreme  difference,  0.063.  The  sam- 
ples of  iodate  employed  were  prepared  :  (1.)  From  argentic 
sulphate  and  potassic  iodate,  mixed  boiling,  the  latter  in 
.excess,  thorough  washing  and  drying  in  air  freed  from 
organic  particles ;  (2.)  By  the  reaction  of  potassic  iodate  on 
argentic  hyposulphite.  The  purity  of  the  salt  was  carefully 
tested. 

Stas  ascertained  the  composition  of  argentic  iodide  as 
follows : 

(1.)  A  known  weight  of  argentic  nitrate  was  precipitated 
by  hydro-iodic  acid  and  the  argentic  iodide  washed,  dried, 
and  weighed  in  the  same  vessel.  (2.)  A  known  weight  of 
Ag  was  dissolved  in  nitric  acid,  converted  into  sulphate, 
dissolved  in  very  dilute  sulphuric  acid,  and  precipitated  with 
hydro-iodic  acid.  The  precipitate  was  washed  at  tempera- 
tures increasing  up  to  90*^.  (3.)  A  known  weight  of  argen- 
tic sulphate  was  allowed  to  react  on  a  known  and  nearly 
equivalent  weight  of  iodine  in  an  aqueous  solution  of  sul- 
phurous and  sulphuric  acids  at  10^,  and  in  the  dark,till  all 
the  iodine  was  taken  up.  The  excess  of  iodine  was  titrated 
with  silver  solution,  and  the  iodide  weighed.  This  method 
was  employed  in  two  experiments.  (4)  differed  from  (3) 
mainly  m  the  conversion  of  the  iodine  into  ammonium 
iodide  before  bringing  it  into  contact  with  argentic  sul- 
phate.   Four  experiments  were  n^ade  by  the  last  method. 

The  mean  composition  of  the  iodide,  as  derived  from  all 
the  experiments,  is  100  Ag  =  117.5343  iodine.  From  these 
data  Stas  calculates  the  atomic  weight  of  I  at  126.857,  and 
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that  of  silver  at  107.928.  [The  sum  of  these  weights  is  not 
the  molecular  weight,  and  this,  as  well  as  recalculation  of 
the  data,  shows  that  the  number  is  a  misprint  for  126.851. 
Stas*  results  are,  therefore,  even  closer  to  Marignac's  than 
his  memoir  would  indicate.] 

Most  of  the  experiments  were  made  with  iodine  prepared 
by  the  decomposition  of  nitric  iodide  decomposed  in  a  large 
volume  of  water  at  65®.  The  iodine  was  further  purified 
by  distillation  over  barium  oxide  and  by  other  means. ,  For 
the  preparation  of  silver  see  that  metal.  All  possible  pre- 
cautions were  observed  in  the  preparation  of  all  reagents 
and  in  the  conduct  of  the  experiments.  {SiaSy  UntersujcK 
iiber  Chem.  Prop.  Leipzig^  1867.) 


IRIDIUM. 


Regnault  determined  the  specific  heat  of  iridium.  It  cor- 
responds  to  an  atomic  weight  of  about  198.  {Omdm-Krautj 
l.  c.) 

J.  J.  Bbbzblius  :  197.19  (0  =  16). 

Berzelius  determined  this  value  from  analysis  of  potas- 
sium chloro-iridiate.  This  salt  reduced  in  hydrogen  lost  29 
per  cent.,  the  same  quantity  lost  hy  the  corresponding  pla- 
tinum salt,  {vide  platinum.)  Berzelius  originally  calculated 
the  atomic  weight  of  the  platinum  metals  both  from  the 
loss  of  chlorine  of  these  double  salts  and  from  the  relation 
between  the  metal  and  the  potassic  chloride  left  after  reduc- 
tion. In  his  Lehrbuch  he  points  out  the  impossibility  of 
complete  desiccation,  and  resorts  exclusively  to  the  latter 
method  of  calculation.  "With  respect  to  iridium  he  mereljr 
asserts  that  its  atomic  weieht  is  the  same  as  that  of  plati- 
num, without  there,  or  elsewhere,  giving  data  as  to  the 
amounts  of  iridium  and  potassic  chloride  found  in  the 
reduced  salt.  It  is,  therefore,  open  to  question  whether  he 
assumed  the  identity  from  the  loss  on  reduction  or  not  [If 
Pt  =  Ir,  and  if  KCl  =  74.694,  the  value  fellows;  see  plati- 
num.]  Osmium  and  iridium  were  separated  by  fusion  with 
nitre,  solution,  and  distillation.  The  residue  was  fused  with 
potassic  chloride  and  sodium  carbonate.  On  solution  the 
iridium  remains  behind.  This  residue  was  repeatedlv  roasted 
and  reduced  to  drive  off  osmium  compounds.  The  potas- 
sium chloro-iridiate  was  formed  from  the  pure  metal.  (Pcy- 
gend.  Ann.,  IS,  1828,  468;  Kongl  Vet.  Acad.  Handl,  1828.) 
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C.  E.  Glaus:  W.  M.  Watts:  197.6  (O  =  16). 
Watts  recalculated  two  analyses  of  potassium  chloro- 
iridiate  by  Claus  from  the  loss  m  reduction,  and  for  CI  =s 
36.457,  (Stas.)  Prom  one  analysis  he  finds  K  =  89.87,  and 
It  =  198.56;  from  the  other  K  =  89.98,  and  Ir  =  196.62. 
{Chem.  News,  19, 1869,  802^ 


IRON. 

Begnault,  £opp  and  others  have  determined  the  specific 
heat  of  this  metal.  It  corresponds  to  an  atomic  weight  of 
about  56.    {GmeUn-Krauty  L  c.) 

L.  J.  Thbnabd  :  F.  H.  Wollaston:  66£  (O  =  16); 
845  (O  =  100). 

Thenard  determined  the  composition  of  the  oxide  at  22.5 
O  and  77.5  Per,  whence  Wollaston  calculates  the  value. 
{PhU.  Trans.,  lOJ^  1814,  21.) 

J.  J.  Bbbzblius:   64.97  (0  =  16);    889.218   (0  = 
100). 

Determined  by  repeated  experiments  on  the  oxidation  of 
iron,  such  as  is  used  for  piano  wire,  with  nitric  acid.  The 
carbon  was  determined  and  allowed  for.  Berzelius  in  his 
Lekrbuch  shows  that  the  error  in  this  determination  lay  in 
the  unsuspected  presence  of  soluble  silica  and  on  reanalysis 
he  found  enough  of  it  to  correct  the  number  when  taken 
into  account.    {Poggmd.  Ann.,  8, 1826, 185.) 

G.  Magnus  :  6i.e6  (0  =  16) ;  SS9.06  (O  =  100). 

Magnus'  experiments  were  made  by  reducing  ferric  oxide 
in  a  current  of  hydrogen  at  about  the  temperature  of  boil- 
ing mercury.  He  regarded  them  simply  as  comfirmatory 
of  Berzelius'  number.    {Poggend.  Ann.,  S,  1825,  84.) 

P.  Stbombybr  :  66.6  (0  =  16). 

Determined  by  reducing  ferric  oxide  at  a  red  heat  by 
hydrogen.  The  oxide  is  reduced  only  with  great  difficulty 
at  a  lower  temperature.  The  mean  of  the  experiments 
gave  the  oxvgen  contents  at  80.15  per  cent.,  [whence  I  have 
calculated  the  value.]  {Poggend.  Ann.,  6, 1826,  475.) 
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H.  Capitainb  :  61.S6  (0  =  16) ;  321  (0  =  100). 

Determined  by  the  peroxidation  of  galvanicallj  reduced 
iron  and  by  measuring  the  hydrogen  evolved  on  the  solution 
of  iron  in  sulphuric  acid.  {Annal.  de  (Mm.  et  de  Phys.^  (8,) 
IB,  1841,  126.) 

H.  Wackenrodbr  :  SS.43  (0  =  16). 

Wackenroder  helped  Stromeyer  in  his  reduction  of  ferric 
oxide,  of  which  he  gives  the  details.  He  also  describes  five 
experiments  of  his  own,  which  gave  the  oxygen  contents  of 
ferric  oxide  at  from  30.01  to  80.38.  He  took  no  precautions 
to  purify  his  hydrogen  and  thinks  that  the  loss  of  oxygen 
may  have  been  apparently  reduced.  [80.195  oxygen  cor- 
responds to  the  above  value  for  Fe.]  {BerzeUus*  Jakresbe' 
richty  e^y  1844, 121 ;  Arcfuv.  der  PhamUy  36^  1844,  22.) 

SvANBERG  AND  NoRLiN :   66.97   (0  =  16);    349.809 
(0  =  100). 

In  seven  experiments  a  known  weight  of  iron  was  dis- 
solved in  nitric  acid  and  the  salt  decomposed  by  heat.  The 
operation  was  performed  in  a  glass  flask.  The  mean  re- 
sult in  vacuOy  was  349.104;  extreme  difference,  0.808.  la 
seven  experiments  ferric  oxide  was  reduced  with  purified 
hydrogen.  The  mean  was  Fe  =  850.614 ;  extreme  differ- 
ence, 0.735.  The  number  taken  is  the  mean  of  all  the  ex- 
periments, in  vacuo.  Berzelius  in  his  Lehrbuch  cites  the 
experiments  and,  by  neglecting  the  reduction  to  vacuum, 
^ets  a  slightly  different  number.  He  also  expresses  a  pre- 
ference for  the  experiments  by  reduction.  {BerzeUus*  Jah" 
resbericht,  2^,  1844, 121 ;  and  Poggend.  Ann.,  6Sy  1844,  270.) 

J.  J.  Berzelius  :  66.06  (0  =  16) ;  350.82  (0  =  100). 

Berzelius,  as  a  check  on  the  last  determination,  made  two 
experiments  on  the  oxidation  of  iron  by  nitric  acid  with 
special  precautious  against  partial  reduction.  The  number 
is  the  mean ;  difference,  0.101.  The  iron  was  melted  down 
with  glass  and  magnetic  oxide.  In  his  Lehrbtieh  he  adopts 
the  mean  of  these  experiments  and  Svanberg  and  Norlin's 
reduction  determinations.     {Poggend.  Ann.,  6Sy  1844,  270.) 

Erdmann  and  March  and:  66.016  (0  =  16);   350.1 
(0=100). 

Erdmann  and  Marchand  made  eight  experiments  on  the 
reduction  of  ferric  oxide  in  a  carefully  purified  current  of 
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hydrogen.  The  weighings  of  the  metal  were  made  in 
vacuo  to  avoid  possible  reoxidation  in  displacing  the  gas  by 
air.  The  nnmher  is  the  mean  of  the  experiments ;  extreme 
difference,  1.4  for  O  =  100.  The  ferric  oxide  was  prepared 
by  incineration  of  the  oxalate,  moistening  the  residue  with 
nitric  acid  and  reheating.  {Erdmann^s  Joum.  fur  Prak. 
Chm.,  SSy  1844, 1.) 

L.  E.  RrroT :  54^1^5  (0  =  16) ;  889.01  (0  =  100). 

Determined  by  two  experiments  on  the  reduction  of  pure 
ferric  oxide  in  a  current  of  hydrogen.  100  parts  of  oxide 
gave  69.31  and  69.85  parts  metallic  iron.  {Annal.  de  Chim. 
ei  de  Phys.y  (8,)  SO,  1850, 188.) 

E.  MAUMBNfi:  S6.0016  (O  =  16);  850.01  (O  =  100). 

Maumen6  made  six  experiments  by  dissolving  iron  wire 
in  aqua  regia,  precipitating  with  ammonia,  heating  the  pre- 
cipitate to  redness  and  weighing.  The  number  is  the  mean ; 
extreme  difference,  0.84.  Maumen6  had  convinced  himself 
by  analysis  of  the  extreme  purity  of  the  wire.  (Mrdmann^s 
Joum.  fur  Prak.  Chem.,  61, 1850,  850.) 

J.  Dumas  :  56.2  (0  =  16). 

Two  experiments  on  the  precipitation  of  ferric  chloride  by 
argentic  nitrate  gave  each  28.1.  A  single  experiment  by 
the  same  method  on  ferrous  chloride  which  was  slightly 
yellow,  ^ve  28.1.  An  experiment  made  on  ferrous  chlo- 
ride, which  had  been  heated  in  a  current  of  hydrogen  and 
of  HCl  and  was  colorless,  but  contained  metallic  iron,  gave 
when  the  admixture  was  determined,  27.99.  Dumas  takes 
Ag  =  108 ;  01  =  85.6.  {ArmaL  de  Chim.  et  de  Phya.,  (8,)  66, 
1869, 157.) 


LANTHANIUM. 


W.  F.  Hillebrand  has  determined  the  specific  heat  of 
metallic  lanthanium.  It  corresponds  to  an  atomic  heat  of 
6.23,  if  the  atomic  weight  is  taken  at  189.  (Poggend.  Ann., 
168, 1876,  82.) 

Several  investigations  on  the  atomic  weight  of  lanthanium 
were  made  previous  to  Mosander's  announcement  of  the 
discovery  of  didymium.  F.  J.  Otto  found  it  IO8.4I  shortly 
after  its  discovery,  and  announced  it  in  his  translation  of 
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Graham's  chemistrv.  {GhneUn's  Handbuchj  5th  ed.,  1^  46.) 
Choabine,  from  analysis  of  the  chloride  and  of  the  sulphate, 
arrived  at  108.45.  {ErdmanrCa  Joitm.JUr  Prak.  Chem.j  S6^ 
1842,  448.)  Rammelsberg  determined  it  from  the  sulphate, 
which  was  rose-colored,  at  1SS.17.  {Poggend.  Ann.y  66 ^  1842, 
65.)  B.  Hermann  found  La  ==  1J14  from  rose-colored  sul- 
phate.    {Erdmam's  Joum.fUr  Prak.  Chem.,  SOy  1848, 198.) 

C.  G.  Mosandbr:  lS9.e  (0  =  16);  870  (0  =  100). 

Mosander  sa^s  that  his  experiments  show  the  true  value 
to  be  in  the  neighborhood  of  680,  (the  metal  being  assumed 
bivalent,)  but  that  his  salts  were  not  pure,  and  the  determi- 
nation of  little  value.    {Poggend.  Arm.,  60, 1848,  801.) 

C.  Maeignac  :  Hl.ie  (O  =  16);  88e  (O  =  100). 

Eleven  experiments  were  made  on  the  decomposition  of 
the  sulphate  by  barium  chloride.  The  results  vary  greatly. 
Marignac  wrote  later  {Armal.  de  Chim  et  de  Phys.y  (8,)  S8j 
1858, 148)  that  experiment  had  convinced  him  of  the  incor- 
rectness  of  this  determination,  and  that  the  true  value  is 
about  575.     (La  bivalent.)    {Liebifs  Ann.,  71, 1849,  306.) 

M.  HoLZMANN :  1S9M  (0  =  16) ;  870.15  (0  =  100). 

In  three  experiments  La  sulphate  was  decomposed  by 
ammonium  oxalate.  In  the  filtrate  from  the  precipitated 
oxalate  the  sulphuric  acid  was  determined  as  barium  salt. 
The  oxalate  was  decomposed  by  heat,  and  the  lanthanium 
oxide  weighed.  These  experiments  gave  a  mean  of  580 ; 
extreme  difference,  5.6;  for  bivalent  lanthanium.  In  liiree 
experiments  the  iodate  was  decomposed  by  oxalic  acid,  the 
oxide  determined  as  before,  and  the  iodine  titrated  by  Bun- 
sen's  method.  These  experiments  gave  a  mean  of  580.2; 
extreme  difference,  5.8.  8  =  200 ;  Ba  =  855.  In  the  prepa- 
ration of  the  salts  analyzed  the  cerium  was  separated  by 
Eeroxidation  with  magnesium  oxide  and  precipitation  as 
asic  sulphate.  After  the  removal  of  yttrium  by  potassic  sul- 
phate, the  lanthanium  and  didymium  salts  were  separated, 
by  making  a  saturated  solution  of  the  sulphates  at  a  temper- 
ature of  three  or  four  degrees,  and  gradually  raising  the 
temperature.  Lanthanium  salt  then  crystallizes  out  nearly 
pure.  The  purification  was  repeated  until  the  salts  were 
not  discolored  when  heated  in  an  open  crucible  oyer  the 
^lass-blower's  lamp.  Bunsen  assistea  at  this  investigation. 
XErdmanv!B  Jovm.fUT  Prak.  Chem.,  76, 1858,  848.) 
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C.  CzuDNOWicz:  lIfi.S  (0  =  16);  876  (0  =  100). 
CzudDOwicz  especially  disclaims  making  this  as  an  atomic 
weight  determination  and  he  adopts  Holzmann's  value. 
The  salt  analysed  was  the  sulphate,  and  the  method  the 
same  as  that  employed  by  Holzmann.  ( JVimonn'^  Joum. 
ft  Prak.  Chem.,  80, 1860,  31.) 

R  Hbrmann  :  1S9M  (0  =  16) ;  870.76  (0  =  100). 

Hermann  analyzed  the  carbonate  by  decomposing  it  over 
'  mercury  by  sulphuric  acid,  and  measuring  the  carbon  di- 
oxide liberated.  The  residue  was  heated  to  redness  and 
weighed.  This  experiment  gave  La  =  580.4,  the  metal 
being  assumed  as  bivalent.  The  carbonate  was  prepared 
by  precipitating  the  sulphate  with  sodium  bicarbonate.  In 
three  experiments  the  sulphate  was  decomposed  by  ammo- 
nium oxalate  and  the  oxide,  obtained  by  incinerating  the 
oxalate,  weighed.  These  analyses  gave  La  =  580.7.  In 
one  experiment  the  chloride  was  analysed  with  argentic 
nitrate,  giving  La  =  680.4.  The  number  taken  is  the  mean ; 
extreme  difference  2.8.  In  the  preparation  of  the  salts, 
cerium  was  separated  as  basic  sulphate.  La  and  didymium 
were  partially  separated  by  crystallization  after  which  a  por- 
tion of  the  nearly  pure  sulphate  was  precipitated  by  ammo- 
nia, and  this  precipitate  digested  with  the  mother  liquor. 
Didymium  sulphate  is  by  this  means  completely  precipitated. 
8  =  200;  01  =  448.2;  0  =  75.  Hermann  remarks  that 
his  former  determination  was  made  with  impure  material. 
(Erdmam's  Joum.  fUr  Prak.  Chem.,  5^,  1861, 895.) 

H.  ZsoHiBSOHB :  lS6.e7  (0  =  16). 

Determined  by  six  experiments  on  the  sulphate.  The 
water  was  drivea  off  at  280®,  and  the  anhydrous  salt  ex- 
posed to  a  white  heat  until  the  weight  became  constant,  and 
on  being  tested,  showed  no  sulphur.  The  mean  result  was 
La  =s  45.09;  extreme  difference,  1.16.  In  preparing  the 
salt  from  cerite,  the  cerium  was  peroxidized  with  red  lead 
and  nitric  acid  and  was  precipitated  as  basic  nitrate.  The 
didymiuna  was  separated  by  partial  precipitation  with 
oxdic  acid  and  concentration,  these  operations  being  re- 
peated as  long  as  the  absorption  lines  of  Di  were  percepti- 
ble in  the  spectroscope.  A  correction  was  made  for  the 
loss  of  weight  of  the  crucible,  and  there  was  no  dust  upon 
its  sides.  S  =  16.  {Erdmann's  Joum.  fUr  Prak  Chem.. 
104, 1868, 174;  107, 1869,  72.) 
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C.  Erk  :  1S6.S9  (O  =  16). 

Determined  bv  analysis  of  the  sulphate  by  the  method 
employed  by  Holzmann.  The  bases  were  separated  by  the 
methods  which  Hermann  used.  Yttrium  was  also  elimi- 
nated. Fresenius  in  his  Zdtschrifty  lOj  509,  objects  to  the 
details  of  the  Erk's  manipulation  of  barium  sulphate. 
(Kopp's  Jahresbericht^  1870,  319 ;  Jena  Zeitschr.  fur  Med,  und 
Nat,  6, 1870,  299.) 

D.  Mbndelejeff  :  180  (0  =  16). 

As  La  forms  but  one  oxide,  the  salts  of  which  are  not, 
according  to  Marignac,  isomorphous  with  those  of  the 
lower  oxide  of  didymium,  MendelejeflE"  concludes  that  it 
belongs  to  the  same  group,  but  that  its  oxide  is  a  binoxide, 
and  its  atomic  weight  180.  {Liebifs  Ann.,  SuppL,  8, 1871, 
190.) 

0.  Marignao:  138.76  (0  =  16). 

By  heating  the  sulphate  till  all  acid  was  expelled,  Marig- 
nac, in  two  experiments,  determined  La  (bivalent)  at  92.62 
and  92.56 ;  by  precipitation  with  ammonia  and  heating  at 
92.24  and  92.48.  The  sulphate  was  purified  by  a  great  num- 
ber of  partial  recrystallizations,  and  showed  only  doubtful 
traces  of  didymium  in  the  spectroscope.  S  =  16.  {Annal. 
de  Chim.  et  de  Phys.,  (4,)  SO,  1873,  67.) 

P.  T.  Clbvb:  139.15(0  =  16). 

Determined  by  the  conversion  of  lanthanium  oxide  into 
sulphate.  The  number  is  the  mean;  extreme  difference 
0.55.  The  oxide  was  purified  from  didymium  by  repeated 
partial  precipitation  from  nitric  acid  solution  with  ammonia, 
basic  didymium  nitrate  going  down.  The  lanthanium 
was  finally  precipitated  with  oxalic  acid.  The  oxide  was 
found  to  be  spectroscopically  pure  by  Thal6n.  {Kopp's  Jah- 
resbericht,  1874,  257;  Paris  BuU.  de  la  Soc.  Chim.,  SI,  196, 
246,  344.) 


LEAD. 


Regnault,  Xopp  and  others  have  determined  the  specific 
heat  of  lead.  It  answers  to  an  atomic  weight  of  about  207, 
{Grmdin-Kraut,  I.  c.) 
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J.  J.  Berzblius  and  F.  H.  Wollastok  :  ^074  (O  = 
16);  1295(0  =  100). 
Berzclins  found  16.5  parts  carbon  di-oxide  cqnal  to  83.5 
lead  oxide,  whence  the  value,  if  0  =  75.4.  [If  0  =  12, 
these  figures  give  lead  at  206.67.]  Berzelius  also  determined 
the  composition  of  the  oxide  at  7.15  oxygen  and  92.85  lead, 
giving  Pb  =  S07M  or  1297.     {PM.  Trans.,  104, 1814,  20.) 

J.  J.  Berzblius:  $07. IS  (0  =  16);  1294.498  (0  = 

100). 

Determined  by  the  reduction  of  a  known  weight  of  oxide 

of  lead  by  hydrogen  and  the  weight  of  the  resultant  lead ; 

mean  of  four  nearly  coincident  experiments.     {Poggend. 

Ann.,  8, 1826, 184. 

—  Longchamp  is  credited  in  some  books  with  an  atomic 
weight  determination  of  lead.  He  made  none,  but  only 
speculated  on  the  composition  of  minium,  taking  Berzelius' 
determinatibn  as  a  basis.  {AnnaL  de  Chim.  et  de  Phys.,  5!^, 
1827, 105.) 

J.  J.  Berzblius:  e07.078  (0  =  16);  1£94.S4S  {0  = 
lOOJ. 
This  value  is  the  mean  of  six  experiments  on  the  reduc- 
tion of  the  oxide  in  a  current  of  hydrogen.  The  oxide  was 
produced  by  the  decomposition  of  the  nitrate  by  heat.  As 
this  compound  reacts  upon  Pt,  the  crucible  was  lined  out 
with  a  coating  of  a  very  basic  nitrate,  which  prevented  the 
lumps  of  neutral  salt  from  coming  in  contact  with  the  cruci- 
ble.  The  glass  in  which  the  oxide  was  reduced  was  not 
attacked.  [The  third  analysis  is  miscalculated.  It  should 
show  an  atomic  weight  of  1295.595.  The  mean  is,  there- 
fore, as  above,  and  the  extreme  difference  2.421,]  {Poggend. 
Arm.,  19, 1880,  814.) 

J.  J.  Berzblius:  SOT.U  (0  =  16);  1294.645  (0  = 

100). 

In  his  Lehrbuch,  Berzelius  selects  five  analyses  made  by 

the  above  method,  three  of  them  the  same.    These  give  the 

above  mean,  with  an  extreme  difference  of  0.704  for  0  = 

100.     {Lehrbuch,  S,  1219.) 

E.  Turner  :  e07.S  (0  =  16). 
Determined  by  experiments  on  the  conversion  of  metallic 
lead  and  of  oxide  of  lead  into  the  sulphate  by  solution  in 
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nitric  acid  and  evaporation  with  sulphuric  acid.  In  three 
experiments,  Turner  found  100  lead  =  146.401  sulphate; 
extreme  diflference  0.056.  Berzelius  had  found  100  Pb  = 
146.419  sulphate ;  extreme  difference  0.078.  Turner  takes 
the  mean  of  his  own  and  Berzelius*  determinations,  146.41. 
In  one  experiment  Turner  found  100  oxide  =  135.92  sul- 
phate. Combination  of  these  results  gives  Pb  =  103.6  [or 
more  accurately  103.65.]  The  oxide  was  prepared  from 
subnitrate.  The  lead  was  prepared  from  plumbic  acetate 
which  was  converted  into  carbonate,  then  into  nitrate,  in 
which  form  it  was  recrystallized,  then  again  into  carbonate^ 
and  reduced  by  black  flux.  On  testing,  it  was  found  per- 
fectly pure.  Weighings  reduced  to  vacuum.  (Phil.  Trans.,, 
leSj  1833,  524.) 

C.  Marignao:  207.04  (0  =  16). 

Marignac  made  four  experiments  on  plumbic  chloride  by 
Pelouze's  modification  of  the  silver  titration  method.  He 
found  Pb  =  103.57-.49-.56-.46.  The  number  taken  is  the 
mean.  The  salt  was  titrated  cold,  argentic  chloride  being 
soluble  in  hot  solutions  of  plumbic  nitrate.  The  plumbic 
chloride  was  purified  by  recrystallization,  and,  after  being 
pulverized,  was  dried  at  about  200®.  According  to  Marig- 
nac there  is  qo  difficulty  in  desiccating  it  completely  at  this 
temperature.  Ag  =  108 ;  CI  =  85.5.  Marignac  found  •  it 
impossible  to  convert  the  chloride  into  the  sulphate  com- 
pletely.   {BM.  Univ.,  Arch,  des  Sciences,  (2,)  1, 1858,  223.) 

J.  Dumas:  207.1(0  =  16). 

From  a  single  experiment  on  the  precipitation  of  the 
chloride  with  argentic  nitrate.  The  chloride  used  was 
heated  for  twelve  hours  in  a  current  of  dry  HCl,  and  the 
amount  of  water  retained  determined.  Dumas  found  it  im- 
possible entirely  to  desiccate  the  salt  without  decomposition^ 
drying  at  250®  does  not  desiccate  it.  CI  =  35.5 ;  Ag  =  108» 
{Annal.  de  <Jhxm.  et  de  Phys.,  (3,)  66, 1859, 129.) 

J.  S.  Stab:  206.926  (0  =  16). 

According  to  the  mean  of  10  syntheses  of  plumbic  nitrate, 
100  lead  =  159.9708  nitrate;  extreme  difference,  0.028.  If 
TS  =  14.044,  this  relation  gives  Pb  —  206.918.  Stas  also 
made  six  syntheses  of  the  sulphate,  which  gave  in  mean 
100  Pb  =  146.4275  sulphate ;  extreme  difference,  0.024.  If 
S  =  82.0742,  this  relation  gives  Pb  =  206.934.  The  syntheses 
were  made  in  the  same  way  as  in  the  determination  of  tiie 
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atomic  weight  of  silver.  The  drying  of  the  nitrate  could 
be  accomplished  only  in  vacuo  and  at  ahout  155^.  The 
weighings  are  for  vacuum.  The  lead  used  was  prepared 
from  commercial  acetate  hy  precipitation  with  metallic  lead, 
of  copper,  etc.,  conversion  into  sulphate,  then  into  carbo- 
nate and  reduction  by  potassic  cyanide  or  black  flux.  {StaSf 
Untersuch.  Uber  Chem.  Prop.  Leipzigj  1867,  824.) 


LITHIUM. 


Regnault  has  determined  the  specific  heat  of  lithium.  It 
corresponds  to  an  atomic  weight  of  about  7.  {QmeUn- 
Kraut  J  L  c.) 

The  earliest  determinations  of  this  constant  seem  to 
have  been  made  with  a  double  salt  of  lithium  and  potassium, 
at  all  events  with  a  very  impure  material.  According  to 
Ar^edson,  420.4  lithium  cnloride  give  1822.4  argentic 
chloride,  whence  he  deduces  as  the  atomic  weight  the  num- 
ber 127.757  [or  10.22.]  {Pogaend.  Ann.,  8y  1826,  189.)  L. 
N.  Vauquelin  found  430  lithium  sulphate  equivalent  to 
875  barium  sulphate.  [If  8  =  32 ;  Ba  =  137.08,  this  rela- 
tion  gives  Li  =  9.27.]  Vauquelin  does  not  describe  the 
preparation  of  his  salt.  {Anvm.  de  Chem.  et  de  Phys.,  7, 1818, 
287.)  C.G.  Gmelin  found  Li  =  191.21  [or  7.65J  {Poggend. 
Ann.j  16, 480 ;  GiWert's  Ann.,  fi?,  1819, 399.)  Kjpalovanszky 
by  two  analyses  of  the  sulphate  with  barium  chloride  got 
Li  at  from  10.096  to  10.168  (.Liebi^s  Ann.,  ISl,  94; 
Schweigger^s  Joum.,  64,  1828,  281.)  Thomson  and  Stro- 
meyer  also  each  got  similar  values.  {Thomson^ 8  System  of 
Chem.,  7th  ed.,  1, 1881,  420.) 

R  Hermann  :  6.086  (O  =  16) ;  88.03  (0  =  100). 

Experiments  were  made  on  the  carbonate  by  decomposing 
it  with  acid  over  mercury,  and  measuring  the  resultant 
di-oxide.  For  C  =  75.38,  these  determinations  rive  Li  = 
88.  Several  experiments  were  also  made  by  analyzing  the 
sulphate  with  barium  chloride.  For  8  =  201.06  and  Ba  = 
856.88,  these  give  Li  =  88.05.  Hermann  precipitated 
lithium  carbonate  with  ammonium  carbonate,  and  subse- 
quently converted  it  into  sulphate.  The  chloride  was  pre- 
pared from  the  phosphate  by  feerzelius*  method.  (Poggend. 
Ann.,  16,  1829,  480.) 
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J.  J.  Bbezblius:  6.6SS  (0  =  16);  40.88  (0  =  100). 

Berzelius  foand  that  1.874  lithium  sulphate  ^ve  8.9985 
bariam  sulphate,  and  calculated  this  relatiou  for  S  =  200.76 ; 
Ba  =  855.29.  He  also  found  4.4545  melted  carbonate  = 
6.658  sulphate,  but  rejected  the  analysis.  {Lehrbtichy  5, 1229, 
and  JahresberichJty  lOy  1830,  96.) 

R.  Hagbn:  6.67  (0  =  16). 

Hagen  precipitated  lithium  sulphate  with  barium  chlo- 
ride, and  found  that  0.852  dry  lithium  sulphate  gave  1.8195 
barium  sulphate  whence  he  calculates  Li  =  6.498.  [If 
Ba  =  187.08 ;  8  =  82 ;  this  relation  gives  Li  =  6.57.] 
{Poggend.  Ann.y  43, 1889,  863.) 

J.  W.  Mallbt:  6.95  (0  =  16) ;  86.89  (0  =  100). 

In  two  experiments  a  known  weight  of  lithium  chloride 
was  precipitated  by  argentic  nitrate,  and  the  argentic  chlo- 
ride weired.  In  one  experiment  lithium  chloride  was 
titrated  with  argentic  nitrate  by  Pelouze's  method.  The 
number  is  the  mean ;  the  extreme  difference  is  0.18  for  O 
=  100.  Mallet  takes  Ag  =  1849.66;  01  =  443.28.  The 
alkalis  were  separated  from  the  lithium  salt  by  repeated 
treatment  with  ether  and  alcohol.  The  salt  was  examined 
for  impurities,  and  was  fused  with  a  little  ammonium  chlo- 
ride to  prevent  the  formation  of  oxy-chloride.  {SiUiman's 
Amer.  Joum.,  (2,)  iP^,  1856,  849.) 

L.  Troost  :  6.5  (0  =  16). 

Troost  found  this  number  from  analysis  of  the  carbonate 
which  had  been  crystallized  from  water  containing  carbon 
di-oxide  and  dried  at  200®,  but  does  not  regard  it  as  defini- 
tive.    {Annal.  de  Chim,  et  de  Phys.,  (3,)  51, 1857,  111.) 

J.  W.  Mallbt  :  7  (O  =  16). 

Troost  havine  objected  to  Mallet's  former  method  of 
determination,  ne  redetermined  it  by  precipitating  the 
sulphate  with  a  standard  solution  of  barium  chloride, 
the  precipitating  power  of  which  had  been  tested  on  the 
sulphates  of  magnesium  and  sodium.  This  method  was 
adopted  to  avoid  the  well-known  imperfections  of  the  sul- 
phur determination.  Compared  with  sodium  sulphate  the 
atomic  weight  of  Li  was  found  =  6.92  and  6.95.  Compared 
vnth  magnesium  sulphate  it  was  found  =  7.07  and  7.09. 
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Mg  =  24;  Na  =  23.  The  sulphate  was  prepared  from  car- 
bonate,  and  dried  somewhat  below  a  red  heat.  {SiUUmarCa 
Amer.  Joum.,  (2,)  «5, 1859,  849.) 

K  Dibhl:  7.026  (0  =  16). 

Determined  by  analysis  of  lithium  carbonate  with  Bun- 
sen's  apparatus  and  in  his  laboratory.  Four  experiments; 
extreme  diflference,  0.024.  C  =  12.  The  salt  was  purified 
from  alkalis  by  precipitation  as  carbonate,  resolution  in  acid 
and  reprecipitation,  repeated  until  the  sodium  line  was  no 
longer  visible.  Diehl  found  that  precipitation  of  the  sul- 
phate with  barium  chloride  ^ve  a  nearly  constant  error  on 
account  of  the  retention  of  lithium  in  the  precipitate,  and 
led  to  nearly  the  same  results  as  Berzelius  got.  (LUbig's 
Ann.,  121, 1862,  98.) 

L.  Tboost:  7  (0  =  16). 

Troost  found  1.809  grammes  lithium  chloride  =  4.42 
argentic  chloride,  and  2.75  lithium  chloride  =  9.8  argentic 
chloride.  From  these  analyses  he  deduces  the  values  7.08 
and  6.99.  By  decomposing  the  carbonate,  dried  at  100^, 
with  silicic  acid,  he  found  0.97  carbonate  =  0.577  carbon 
di-oxide  and  1.782  carbonate  =  1.059  di-oxide,  and  infers 
for  Li  7  and  7.02.  In  one  experiment  the  carbonate  was 
converted  into  sulphate.  1.217  carbonate  gave  1.808  sul- 
phate. Troost  calculates  Li  =  7.06.  [It*  01  =  85.457 ;  Ag 
=  107.98;  0  =  12;  8  =  82;  these  determinations  give,  in 
the  same  order  as  above,  7.01;  6.94;  6.98;  7.02;  7.07.] 
The  carbonate  was  purified  by  solution  in  water  containing 
carbon  di-oxide,  and  reprecipitation  by  boiling,  the  opera- 
tion being  repeated  until  the  salt  was  spectroscopically  pure. 
{Paris  Comples  Bend.,  64, 1862,  866.) 

J.  8.  Stab:  7.022  (0  =  16). 

According  to  the  mean  of  three  determinations,  100  parts 
of  silver  =  39.858  lithium  chloride;  extreme  difference, 
0.005.  If  Ag  =  107.98;  01  =  86.457;  this  ratio  gives  Li 
=:  7.022.  This  value  is  confirmed  by  experiments  on  the 
conversion  of  the  chloride  into  the  nitrate,  the  results  of 
which  give  Li  =  7.018.  The  comparison  with  silver  was 
made  accordingto  Pelouze*s  modification  of  the  silver  titra- 
tion method.  The  chloride  was  purified  from  alkalis,  after 
preliminary  treatment  with  ether  and  alcohol,  by  pouring 
the  dissolved  salt  into  a  boiling  solution  of  ammonium  car- 
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bonate  containiog  ammonia  in  excess.  All  weighings  re- 
duced to  vacuum.  {StaSy  Untersuch.  Uber  ChSa,  Frop.^ 
Leipzig^  1867.) 


MAGNESIUM. 

Regnault  and  Eopp  have  each  determined  the  specific 
heat  of  this  metal.  It  answers  to  an  atomic  weight  of 
about  24.    {GhneUn-Krauty  I.  c.) 

J.  J.  Bbrzblius  :  iSS.3  (0  =  16) ;  158.189  (O  =  100). 

Determined  by  dissolving  magnesium  oxide  in  dilute  sul- 
phuric acid,  evaporating  and  heating  to  incipient  redness. 
100  oxide  were  found  =  298.985  sulphate.  The  sulphate 
was  perfectly  soluble  in  water  and  had  therefore  lost  none 
of  its  acid.  The  oxide  was  purified  by  solution  in  an 
aqueous  solution  of  carbon  di-oxide  and  reprecipitated  by 
boiling.  S  =  200.75.  {Poggend.  Ann.y  *,  1826,  188 ;  and 
Lehrbuch,  5, 1227.) 

Marchand  and  Scheerer  recalculated  this  analysis  for  S  = 
200  and  reached  the  value  157.74.  They  assert  that  the 
oxide  may  have  contained  alkalis  and  that  the  sulphuric 
acid  carries  off  magnesium  sulphate  in  volatilizing.  {Mrd- 
mannas  Joum.  fur  Prak.  Chem.^SOy  1850,  892.) 

W.  Henby:  F.  H.  Wollaston:  SS.S6  (0  =  16);  146 
(O  =  100). 

Henry  found  that  magnesium  sulphate  contained  88  per 
cent  magnesium  oxide.  If  S  =  200  the  value  follows. 
{Pha.  Trans.,  m,  1814,  21.) 

—  LoNGCHAMP :  16M  (0  =  16). 

In  two  experiments,  Lon^champ  found  that  five  parts  of 
crystallized  magnesium  sulphate  are  equivalent  to  4.91 
barium  sulphate.  [If  Ba  =  137.08;  8  =  82,  the  number 
follows.]  liOngchamp  found  53  per  cent,  water  which  is 
much  too  high.  According  to  Marchand  and  Scheerer,  the 
data  for  the  anhydrous  salt  give  Mg  =  97.37,  for  S  =  200 ; 
Ba  =  856.8,  [or  15.74.]  {Anrud.  de  Chim.  et  de  Phys.,  ISy 
1819,  265.) 

L.  J.  Gay-Lussao:  SS.6S  {O  =  ie). 

16.205  grammes  crystallized  sulphate  were  found  equal 
to  16.345  barium  sulphate,  and  19.395  magnesium  sulphate 
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to  18.3455  barium  sulphate.  Calculating  from  the  anhy- 
drous salt  Gay-Lussac  found  from  these  experiments  re- 
spectively Mg  =147.28  and  Mg  =  148.09  for  Ba  =  856.8 ; 
8  =  200.  The  salt  was  found  to  contain  51.48  water. 
[Calculated  from  the  anhydrous  salt  these  data  give  Me 
=s  28.66  and  28.68.  Calculated  from  the  hydrous  salt  (7 
molecules  water)  the  numbers  give  24.14  and  24.41,  if  8  = 
82;  Ba  =:  187.08.]  G^y-Lussac  remarks  that  the  sulphate 
is  partially  decomposed  at  a  red  heat.  (Anncd.  de  Cmm.  et 
de  Phys.,  IS,  1820,  808.) 

T.  8CHBBEBE :  ^4^16  (0  =  16) ;  150.97  (0  r=  100). 
Mean  of  six  experiments  on  the  precipitation  of  the  sul- 
phate with  barium  chloride.  Extreme  aifference,  0.79.  8 
=  200.75;  Ba  =  855.29.  After  weighing,  the  barium  sul- 
phate was  treated  with  dilute  HCl  and  the  chloride  thus 
extracted  allowed  for.    {Poggend.  Ann.,  69, 1846,  585.) 

T.  SoHBBEER :  S4.iei  (0  =  16) ;  151.88  (0  =  100). 
Barium  sulphate  formed  as  in  the  last  determination  was 
ftised  with  soda,  the  barium  carbonate  dissolved  in  HCl,  and 
reprecipitated  as  sulphate.  In  the  filtrate  additional  mag- 
nesia was  found.  If  the  error  in  the  former  determination 
was  the  same,  its  corrected  value  would  be  as  above. 
{Poggend.  Ann.,  70, 1847,  407.) 

SVANBBRQ  and  NORDBNFBLDT  :  S4,.7S  (0  =  16) ; 
154.504  (0  =  100). 

Four  experiments  were  made  on  the  calcination  of  the 
oxalate,  and  three  on  the  conversion  of  the  magnesia  so 
obtained  into  sulphate.  The  oxalate  was  dried  at  from 
100^  to  105^  and  heated  to  redness  until  the  weight  was 
constant.  The  oxide  was  dissolved  in  sulphuric  acid,  evapo- 
rated and  the  excess  driven  off  by  heat:  The  oxalate  was 
prepared  from  the  sulphate  by  precipitation  with  sodium 
carbonate  and  digestion  with  oxalic  acid.  The  number  is 
the  mean  of  all  experiments;  extreme  difference,  0.514. 
S  =  200.75 ;  C  =  75.12;  H  =  12.48.  {Mrdmann's  Joum. 
fiir  Prak.  Chem.,4S,  1848,  478.) 

According  to  Marchand  and  Scheerer,  the  data  give  Mg 
=  164.27  for  8  =  200;  H  =  12:5;  C  =  75. 

Marchand  and  8ohbbrer  :  S4,.0S  (O  =  16) ;  150.19 
(0  =  100). 
Eleven  experiments  were  made  in  calcining  massive  mag- 
oesiam  carbonate  from  Frankenstein,  and  Weighing  the 
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caustic  magnesia  formed.  The  carbonate  was  dried  at 
800^,  ^nd  tne  carbon  di-oxide,  which  passes  off  above  280^, 
was  caught  by  caustic  baryta  solution  and  determined.  The 
traces  of  carbon  di-oxide  not  expelled  by  a  yellow  heat 
were  set  free  by  solution  in  chlornydric  acid  and  also  de- 
termined as  barium  carbonate.  The  silicic  acid,  etc.,  were 
also  determined.  The  mean  in  air  is  150.84 ;  in  vacuo  as 
above.  Extreme  difference,  0.57.  G  =:  75.  Eleven  other 
experiments  were  made  with  comparatively  impure  materiid 
and  less  precaution,  tending  to  confirm  the  above.  {Mrd- 
mannas  Joum.  fur  Prak.  Ghent.  ^60^  1850,  409.) 

T.  Sohbbrbr:  24  (0  =  16);  150  (0  =  100). 

B^  separating  the  neutral  sulphates  of  magnesium  and 
calcium  by  means  of  alcohol,  Scheerer  found  that  the  mag- 
nesites  used  by  Marchand  and  himself  contained  from  one- 
fourth  to  one-half  per  cent,  calcium  oxide.  This  correction 
would  make  their  determination  almost  exactly  250  or  24. 
{Liebig's  Ann.,  110, 1858,  286.) 

V.  A.  Jacquelin:   ^4^408  (O  =  16);   152.55  (O  = 
100). 

Anhydrous,  neutral  magnesium  sulphate,  obtained  by 
solution  of  the  oxide  in  sulphuric  acid  and  heating  to  red- 
ness, gave  83.56  per  cent,  pure  oxide.  The  method  adopted 
is  not  described.  This  oxide  by  treatment  with  sulphuric 
acid  gave  the  original  amount  of  sulphate.  If  S  =  200, 
the  number  follows.  {Annal.  de  Ghim.  et  de  Phys.,  (8,)  SS, 
1851,  195.) 

A.  Macdonnell  :  28.9  (O  =16). 

Determined  from  analyses  of  anhydrous  and  of  crystal- 
tized  magnesium  sulphate.  {Brit.  Assoc.  Rep.,  1852,  part 
2,  86 ;  and  Kopp^s  Jahresbericht,  6,  864.) 

J.  F.  Bahr  :  H'77  (O  =  16) ;  154.842  (O  =  100). 

A  known  weight  of  purified  magnesium  oxide  was  dis- 
solved in  sulphuric  acid,  evaporated  and  heated  to  redness 
till  the  weight  was  constant.  The  number  is  the  mean  of 
three  experiments;  extreme  difference,  0.515.  The  oxide 
was  obtained  from  meteoric  olivin.  After  removal  of  the 
heavy  metals,  the  solution  was  evaporated  to  dryness  with 
soda,  washed  and  heated  to  redness.  The  oxide  so  obtained 
was  dissolved  in  acetic  acid,  oxalic  acid  was  added, 'the 
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solution  evaporated  nearly  to  dryness,  and  the  oxalate 
thoroughly  washed.  Bahr  says  that  the  presence  of  alkalis 
cpuld  not  he  suspected.  S  =  200.  (EramanrCs  Joum.  fiir 
Prak.  CAm.,  55,1852,310;  (Efversigt  of  Akad.  F(erh.,  18blj 
303.) 

Scheerer  says  that  oxide  so  prepared  retains  carbonic 
acid,  that  sulphate  is  carried  ofi*  in  heating  the  sulphate  to 
redness,  and  that  the  presence  of  alkalis  is  to  be  suspected. 
{JErdmarm's  Joum.  fiir  Prak.  Chem.y  66,  1852,  489.) 

J.  Dumas  :  24.6  (0  =16). 

Dumas  made  eleven  experiments  on  the  titration  of  mag- 
nesium chloride  with  argentic  nitrate.  He  found  great 
difficulty  in  preparing  pure  chloride,  and  does  not  feel  con- 
fident of  his  results.  The  number  is  the  mean ;  extreme 
difference,  0.28.  Ag  =  108;  01  =  85.5.  The  chloride 
was  prepared  from  various  salts,  but  was  in  all  cases  finally 
heated  in  an  atmosphere  of  HCl.  Dumas  points  out, 
however,  that  this  process  does  not  remove  oxide  if  present. 
(AnnaL  de  Ohm.  ei  de  Phys.,  (8,)  56, 1859, 129.) 


MANGANESE. 


Regnault  has  determined  the  specific  heat  of  manganese. 
It  corresponds  to  an  atomic  weight  of  about  55.  {Chnelin- 
kraut,  I.  c.) 

J.  J.  Bbrzelius:  66.9S   (0=16);   855.787   (0  = 
100). 

By  dissolving  manganese  in  nitric  acid,  evaporating  and 
heating  to  a  low  red,  Berzelius  found  100  Mn  =  142.16 
oxide.  It  was  not  known  at  the  time  that  the  oxide  might 
be  partially  reduced  by  this  process.  {Poggend.  Ann.,  8, 
1826,  185;  and  Jahresbericht,  9,  186.) 

J.  A.  Arfvedson:   66.S6  (0  =  16);   851.56   (0  = 
100). 

From  1.508  chloride  Arfvedson  obtained  8.408  argentic 
chloride.  If  Ag  =  1851.607;  01  =  221.325;  the  number 
follows.  (Berzelius'  Jahresbericht,  9,  1829,  136 ;  Afhandl.  i. 
Fysik.,  6,  236.) 
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E.  Turnbe:  64^9  (0  =  16). 

Turner  analyzed  the  carbonate  in  an  apparatus  similar  to 
Bunsen's.  He  found  84.72  per  cent  carbon  di-oxide  and 
8.427  water.  For  0  =  6,  he  calculates  Mn  =  28.024.  By 
dissolving  the  protoxide  in  sulphuric  acid,  evaporating  and 
heating  to  redness,  he  found  9  oxide  =  19.01  sulphate,  li 
S  =  16,  this  gives  Mn  =  27.96.  A  second  experiment  gave 
27.98.  From  12.47  Mn  chloride  he  obtained  28.42  argentic 
chloride.  [If  01  =  85.5,  Aff  =  108 ;  this  gives  Mn  =  64.9.] 
The  carbonate  was  obtained  by  precipitation  with  potassium 
carbonate.  The  protoxide  was  obtained  by  reduction  of 
higher  oxides  in  hydrogen.  The  chloride  was  melted  in  a 
current  of  HOI  gas.    ^Idinb.  Trans.,  11, 1881, 148.) 

J.  J.  Bbrzblius:  66.8^  (0  =  16);  845.9  (0  =  100). 

Berzelius  repeated  Turner's  experiments,  taking  larger 
quantities.  From  the  chloride  he  got  from  845.84  to  .96 ; 
from  the  sulphate  from  846.08  to  .29.  Ag  =  1851.607 ;  01 
=  221.826 ;  8  =  201.165.  (Berzelius'  Jahresbericht,  9, 1880, 
186.) 

J.  J.  Bbrzblius:  66.14  (0  =  16);  844.684  (0  =  100). 

In  his  Lekrbuch  he  apparently  takes  the  analyses  of  the 
chloride  above  cited,  recalculated  for  01  =  221.64;  Agas 
1849.66.    {Lekrbuch,  S,122A.) 

R.  Brandbs:  67.06  (0=16);  856.602  (0  =  100). 

Determined  by  analysis  of  crystallized  chloride.  The 
chlorine  was  determined  by  precipitation  with  silver.  The 
Mn  was  precipitated  as  carbonate,  and  converted  into  oxide 
by  heat.  The  water  was  determined  by  difference,  and  the 
composition  of  the  oxide  was  assumed  to  be  as  given  by 
Berzelius,  (!)  whose  values  for  Ag  and  01  were  also  taken. 
{Poggend.  Ann.,  SS,  1881,  266.) 

K  VON  Haubr  :  54.98  (0  =  16) ;  848.682  (0  =  100). 

Determined  by  nine  experiments  on  the  reduction  of  the 

^'  hate  to  sulphide  by  heating  the  salt  in  a  current  of 
rogen  sulphide.  The  reduction  was  performed  in  a 
porcelain  tube  enclosed  in  a  charcoal  fire.  JS'umber,  mean ; 
extreme  difference,  0.84,  for  0  =  16.    The  sulphate  was 

Erepared  from  a  pyrolusite  containing  only  silica,  iron,  and 
arium.    It  was  reduced  to  protoxide,  dissolved  in  sulphu- 
ric acid,  oxidized  with  nitric  acid,  precipitated  with  oxalic 
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acid,  converted  into  red  oxide,  dissolved  in  chlorhydric  acid 
and  alcohol,  precipitated  with  ammonium  carbonate,  dis- 
solved in  snlphuric  acid,  repeatedly  heated  to  redness  and 
recrjstallized,  and  was  dried  at  300°.  Accurate  experi- 
ments on  the  reduction  of  the  red  oxide  proved  impractica- 
ble on  account  of  the  hydroscopicity-of  the  compound. 
Two  experiments  on  the  oxidation  of  the  protoxide,  under- 
taken as  a  check  on  the  other  method,  gave  27.486  and 
27.527  for  0  =  8;  8  =  16.  [ErdmanrCs  Jmim.  fUr  Prak. 
Chem.,  72, 1857,  861;  SUz.'Bericht  der  k.  k.  Akad.,  1857.) 

J.  Dumas  :  54.96  (0  =  16). 
Determined  by  the  decomposition  of  the  chloride  with 
argentic  nitrate.  The  number  is  the  mean  of  five  experi- 
ments; extreme  diflference,  0.1  for  0  =  16.  CI  =  35.5; 
Ag  =  108.  Dumas  had  previously  made  experiments  on 
the  reduction  of  the  hyperoxide  to  protoxide  oy  hydrogen. 
These  gave  the  atomic  weight  at  from  25.99  to  26.09  for 
O  =  8.  Dumas  believes  that  a  part  of  the  oxide  was  re- 
duced to  metal.  The  peroxide  was  prepared  from  nitrate 
of  the  protoxide.  (Annal  de  Chim.  et  de  Phys.j  (8,)  55, 1859, 
150.) 

—  Rawack  :  54.02  (0  =  16). 
Determined,  in  Schneider's  laboratory,  by  reducing  a 
known  weight  of  red  oxide  to  protoxide  in  a  current  of 
dry  hydrogen,  and  weighing  the  water  formed.  The  num- 
ber is  derived  from  the  mean  of  six  selected  experiments. 
The  extreme  difference  is  0.22  for  0  =  16.  {Poggend.  Ann., 
107, 1859,  607.) 

R.  Schneider  :  54.038  (0  =  16). 
The  mean  result  of  four  analvses  of  the  oxalate  by  the 
ordinary  method  of  organic  analysis.  Extreme  difference, 
0.04  fbr  O  =  16.  C  =  12.  The  oxalate  was  prepared  from 
chemically  pure  sulphate  by  precipitation  with  sodium  car- 
bonate, digestion  with  oxalic  acid,  and  drying  over  sulphu- 
ric acid.    {Poggend.  Ann.,  107, 1859,  613.) 


MERCURY. 


The  specific  heat  of  mercury  in  the  solid  state,  as  observed 
by  Begnault,  and  the  vapor  density,  as  determined  by  Dumas, 
correspond  to  an  atomic  weight  of  slightly  above  200. 
{Gmelin-Kmut,  I.  c;  L.  Meyer,  Z  c.) 
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FouRCEOT  AND  Thbnard,  Davt,  Wollaston  :  200.8 
(0  =  16);  1265  (0  =  100). 

Fourcroy  and  Thenard  found  8  0  =  100  Hg.  Davy  found 
80  O  =  880  Hg,  giving  Hg  =  1266.  The  latter  also  found 
184  01  =  880  Hg,. which  for  01  =  441,  gives  Hg=1254. 
{Phil  Trans.,  10^,  1814,  21.) 

K  G.  Sbpstroem:  202.58  (0  =  16);  1265.822  (0  = 
100). 

Determined  by  three  analyses  of  the  oxide  according  to 
which  100  Hg  =  7.89,  7.9,  and  7.97  0.  {Berzdius'  Lehr- 
buck,  S,  1215.) 

E.  Turner  :  200.72  (O  =  16). 

Turner  made  a  number  of  determinations  of  this  atomic 
weight  but  regarded  the  value  he  adopted,  202,  only  as 
an  approximation.  Prom  the  oxide,  prepared  from  nitrate, 
he  ffot  200.77  and  199.97.  The  compound  was  decomposed 
by  heat,  and  the  products  carried  over  silver  and  gold  in  a 
narrow  tube.  Four  experiments  were  made  on  mercuric 
chloride  which  was  decomposed  by  pure  calcic  oxide,  and 
the  01  precipitated  with  argentic  nitrate.  [These  analvses 
recalculated  for  the  Stas'  atomic  weights  of  Ag  ana  01 
give  202.079,  201.701,  201.815.]  Turner  also  made  two 
experiments  on  the  reduction  of  the  chloride  with  stan- 
nous chloride,  the  Hg  being  collected,  dried  and  weighed. 
[These  experiments  recalculated  ^ve  199.428  and  199.289.] 
The  mercuric  chloride  was  purified  by  recrystallization. 
Weighings  reduced  to  vacuum.  (PM.  Trans.,  128,  1838, 
585.) 

Erdmann  and  Marchand:  200.14,  (0  =  16);  1250.6 
(O  =±=  100). 

Determined  from  the  mean  of  four  experiments  on  the 
reduction  of  the  oxide  in  a  current  of  carbon  di-oxide. 
Copper,  carbon  ^from  sugar)  oxide,  and  carbon,  were  intro- 
duced in  successive  layers  in  a  combustion  tube.  Dry  car- 
bon di-oxide  was  passed  through  and  the  mercuric  oxide 
heated.  The  metal  was  collected  in  a  receiver  to  which  a 
tube  filled  with  gold  foil  was  appended.  The  metal  was 
perfectly  clean.  Moisture  was  removed  by  a  stream  of  dry 
air  after  distillation.  The  oxide  was  purified  by  heating  it 
to  incipient  decomposition  the  metallic  fumes  being  removed 
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by  a  current  of  dry  air.  It  was  tested  before  being  analysed. 
The  extreme  difference  in  the  results  was  0.8  for  O  =  100. 
All  weighings  in  vacuo.  {Mrdmann's  Joum.  fur  Prak.  Chem.j 
SI,  1844,  392.) 

E.  Millon:  199.94  (0  =  16);  1249.68  (0  =  100). 

Millon  made  two  experiments  by  heating  mercuric  chlo- 
ride with  calcic  oxide  in  a  current  of  hydrogen  and  con- 
densing the  metal.  The  experiments  gave  73.87  and  78.82 
per  cent,  mercury.  If  01  =  442.64,  the  value  follows.  The 
chloride  was  dissolved  in  ether  and  sublimed.  It  was  per- 
fectly soluble  in  ether  and  alcohol,  and  was  well  crystallized. 
{Paris  Comptes  Bend.,  SO,  1845, 1291.) 

L.  Svanbbkg:  iOO  (O  =  16);  1250  (0  =  100). 

Svanberg  made  three  experiments  by  the  same  method 
employed  by  Millon.  The  mean  result  was  1248.47 ;  ex- 
treme difference,  0.94 ;  but  Svanberg  shows  that  there  was 
probably  loss,  and  that  the  larger  the  quanti^  of  chloride 
employed  the  higher  the  result.  He  regards  Erdmann  and 
Marchand's  result  as  most  probable,  but  in  need  of  con- 
firmation. 01  =  443.28.  {Mrdmann's  Joum.  fUr  Prak. 
Chem.,  ^,1843,  468;  Kor^l.  Vet.  Akad.  Handl,  1845,185.) 


MOLYBDENUM. 

Hegnault  determined  the  specific  heat  of  molybdenum. 
It  answers  to  an  atomic  weight  of  about  96.  {GrmeUn-Kraut, 
Lc.) 

J.  J.  Bbrzblius:  96.36  (0  =  16);  596.1  (0  =  100). 

One  hundred  parts  of  anhydrous  plumbic  nitrate,  dis- 
solved and  precipitated  with  neutral  ammonium  molybdate, 
fve  110.68  parts  plumbic  molybdate.  If  Pb  =  1294.645, 
=  87.53,  the  value  follows.  Berzelius  expresses  himself 
dissatisfied  with  the  accuracy  of  the  determination.  {Pog- 
gend.  Ann.,  8, 1826,  28;  and  Lehrbuch,  S,  1208.) 

Svanberg  and    Struvb:   9S.1S  (0  =  16);    575.829 
(O  =  100). 

After  trying  various  methods  without  getting  accordant 
results,  these  chemielts  made  ten  experiments  on  the  sul- 
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phide  by  roasting  it  first  in  a  current  of  moist,  and  then  of 
dry  air.  Three  experiments  were  excluded  as  imperfect 
The  remainder  gave  a  mean  of  89.7523  molybdic  acid  from 
100  sulphide ;  extreme  difference,  0.22.  The  value  follows 
for  S  =  200.  Objections  have  been  made  {Liebig's  Ann.y 
68y  211)  that  the  difierence  in  weight  between  the  acid  and 
the  sulphate  is  too  small  for  the  purpose  of  the  determina- 
tion, and  that  the  different  analyses  give  very  different 
atomic  weights.  The  sulphide  was  prepared  by  melting 
together  molybdic  acid,  sulphur,  and  caustic  potash,  and 
leaching  the  product  with  water  and  chlorhydric  acid.  The 
sulphide  was  dried  in  a  current  of  hydrogen.  The  molyb- 
dic acid  was  dissolved  in  ammonia  to  prove  the  absence  of 
sulphide.    {Erdmann^s  Joum.fiir  Prak.  Chem.y  44^  1848, 815.) 

K  J.  Berlin  :  91.96  (0  =  16) ;  574.75  (0  =  100). 

Determined  by  four  analyses  of  the  double  mono-sesqui- 
molybdate  of  ammonium  by  heating  gently  with  nitric  acid 
in  a  platinum  crucible  until  only  molybdic  acid  was  left. 
Extreme  difference,  8.82  for  O  =  100 ;  IT  =  175 ;  H  =  12.5. 
The  preparation  of  the  salt  is  not  given.  {JSrdmann'sJotirTL 
fur  Prak.  Chem.,  49, 1850,  446.) 

J.  Dumas  :  96  (O  =  16). 

Dumas  made  five  experiments  on  the  reduction  of  molyb- 
dic acid  (prepared  from  the  natural  sulphide)  by  means  of 
hydrogen.  The  reduction  was  begun  at  a  low  temperature 
in  a  glass  tube,  and  completed  in  an  unglazed  porcelain  tube 
in  a  reverberatory  furnace,  where  it  was  kept  till  several 
hours  heating  produced  no  further  alteration  in  weight. 
The  molybdenum  did  not  assume  a  metallic  appearance. 
The  number  is  the  mean ;  extreme  difference,  0.8  for  0  = 
16.    {Anml  de  Chim.  et  de  Phys.,  (3,)  66, 1859, 142.) 

M.  Delafontainb  :  9S  (O  =  16);  575  (O  =  100). 

This  chemist  made  many  experiments  in  various  ways 
without  bein^  able  to  reach  constant  results,  and  only  re- 
marks that  his  experiments  indicate  Svanberg  and  Struve's 
value  as  the  best.  {ErdmanrCa  Joum.fiir  Prak.  Chem.,  96, 
1865, 187;  BM.  Univ.,  Arch,  des  Sciences,  SS,  1865.) 

H.  Debrat:  95.94  (O  =  16). 

Debray  made  three  experiments  on  the  reduction  of 
molybdic  acid.    The  acid  was  first  converted  into  the  red 
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oxide  in  platinum,  and  at  a  low  temperature,  and  the  small 
portion  of  the  acid  volatilized  during  this  operation  was 
caught  and  determined.  The  reduction  was  completed  in 
a  porcelain  tube  at  a  white  heat  Debray  gives  his  results 
at  48.03;  48.04;  and  47.84.  [The  analytical  data,  recalcu- 
lated, give  95.80;  95.55;  95.73;  perhaps  on  account  of 
misprints.  Reduction  to  vacuum  would  still  further  reduce 
the  numbers.]    The  acid  was  purified  by  sublimation  in 

Elatinum,  conversion  into  ammonium  salt,  and  regeneration 
y  heat.  In  two  experiments  ammoniacal  solution  of  molyb- 
dic  acid  was  evaporated  in  the  dark  with  excess  of  argentic 
nitrate,  the  argentic  molybdate  dissolved  out  and  the  excess 
of  silver  determined.  I>ebray  found  5.510  acid  =  7.657 
silver,  and  7.236  acid  =  10.847  silver.  Hence  he  calculates 
M  =  48  and  47.98.  [A  little  calculation  shows  that  the 
first  data  are  misprinted.  They  should  read  5.11  acid  ^ 
7.657  silver.  The  corrected  data  give  for  Ag  =  107.93 ;  M 
=  96.06  and  95.99.  The  mean  of  the  recalculated  analyses 
is  95.73.]    {Paris  Ccmptes  Bend.,  66, 1868,  732.) 

L.  Mbybr  :  96.10  (O  =  16). 

Calculated  from  three  analyses  of  the  dichloride,  two 
aualvses  of  the  tetrachloride,  and  two  analyses  of  the  pen- 
tachloride,  made  by  Leichte  and  Kempe  in  Meyer's  labora- 
tory. The  dichloride  was  analyzed  by  heating  in  a  current 
of  hydrogen  sulphide,  and  subsequently  in  a  current  of 
hydrogen.  Molybdenum  disulphide  is  the  residue.  The 
HCl  formed  was  caught  in  ammonium  hydrate  and  precipi- 
tated b^  argentic  nitrate,  after  the  hydrogen  sulphide  had 
been  driven  off  by  boiling  in  a  flask  provided  with  a  con- 
densing drip-tube.  The  tetra  and  pentachloride  were 
decomposed  with  nitric  acid,  excess  of  ammonium  hydrate 
was  added,  and  molybdenum  trisulphide  precipitated  with 
ammonium  sulphide.  A  weighed  portion  of  the  dry  pre- 
cipitate was  converted  into  disulphide  by  heating  in  a  cur- 
rent of  hydrogen.  The  chlorine  of  the  higher  chlorides 
was  determined  in  the  filtrate  after  precipitation  of  the 
trisulphide.  By  comparing  the  amount  of  chloride  analyzed 
with  the  amount  of  argentic  chloride  obtained,  Meyer  finds 
in  mean  M  =s  95.92 ;  extreme  difference,  1.87  for  O  =  15.96. 
By  comparing  the  amount  of  disulphide  with  that  of  argen- 
tic chloride,  M  =  95.75 ;  extreme  difference,  1.35.  By  com- 
paring the  amount  of  chloride  analyzed  with  the  amount  of 
disalphida  obtained  for  one  analysis  of  tetrachloride  and 
two  analyses  of  pentachloride,  he  gets  M  =  95.94;  extreme 
difference,  2.15.     The  general  mean  is  M  =  95.86;  extreme 
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diflference,  2.15.  Ag  =  107.66;  8  =  81.98;  01  =  36.87; 
O  =  15.96.  The  specific  gravities  of  the  chlorides  not  hav- 
ing been  determined,  the  weighings  are  not  reduced  to 
vacuum.  The  pentacbloride  was  prepared  irom  M  by  heat- 
ing it  in  a  current  of  01  entirelv  free  from  air.  The  metal 
had  been  freed  from  oxide  by  heating  in  an  atmosphere  of 
HCl.  By  moderate  heating  of  the  pentacbloride  in  dry  H, 
and  by  distilling  pentacbloride  over  the  product  in  dry 
carbon  di-oxide,  the  trichloride  is  obtained.  The  trichlo- 
ride heated  in  carbon  di-oxide  is  decomposed  into  tetrachlo- 
ride and  di-chloride,  which  latter  must  be  purified  with 
warm  dilute  nitric  acid.  (lAebig's  Ann,y  169^  1874,  860, 
344.) 


NIOKEL. 


Regnault  has  determined  the  specific  heat  of  nickel.  It 
corresponds  to  an  atomic  weight  of  about  59.  {QmeUn- 
Kraut,  L  c.) 

E.  Rothopp:  59.09  (0  =  16);  869.338  (0  =  100). 

BothofP  converted  188  parts  of  oxide  into  chloride,  a 
neutral  solution  of  which  gave  718.2  parts  argentic  chlo- 
ride. If  01  =  221.64,  Ag  =  1849.66,  the  value  follows. 
{BerzeUus'  Lehrbuch,  S,  1221.) 

P.  Berthibr. 

Lassaigne  having  announced  the  atomic  weight  of  nickel 
at  600,  {Schweigger's  Jahrbuchy  S,  108,)  Berthier  re-ex- 
amined the  subject  and  found  Bothoff's  number  confirmed. 
(Berzelius^  Jahresberichty  5,  1825, 148 ;  Annal.  de  Ckim.  et  de 
Phys.,  S6, 1824, 148.) 

Erdmann  and  Marohand  :  68.S  ( 0  =  16) ;  866.9  (O 
=  100). 

Determined  "  with  all  precaution  "  by  the  reduction  of 
the  oxide  with  hydrogen.  The  results  varied  from  29.1  to 
29.8,  but  Erdmann  has  reason  to  believe  the  smaller  number 
the  more  accurate.  {Erdmann's  Joum.  fiir  Prdk.  Chem.^ 
66, 1862,  202.) 
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H.  Saintb-Olaibk  Dbvillb: 

100  parts  fused  nickel,  containing  three-tenths  per  cent, 
silicon  and  one-tepth  per  cent,  copper,  gave  262  parts  anhy- 
droas,  yellow  nickel  sulphate,  "  corresponding  to  the  atomic 
weight  as  given  by  Berzelius."  {ArmcU.  de  Chim.  et  de  Phys.y 
(3,)  46, 1856,  182.) 

R.  SoHKEiDBR :  58.06  (O  =  16) ;  862.8  (O  =100). 

Determined  from  four  analyses  of  the  oxalate.  The  car- 
bon determinations  were  made  by  the  ordinary  method  of 
organic  analysis,  because  some  hydrocarbon  forms  when 
the  salt  is  decomposed  by  heat  alone.  The  metal  was  de- 
termined by  heating  a  known  weight  of  the  salt  first  in  air 
and  then  in  a  current  of  oxygen,  and  subsequent  reduction 
by  hydrogen.  In  the  preparation  of  the  salt  the  usual  pre- 
cipitate with  ammonium  sulphide  was  washed  with  dilute 
chlorhydric  acid,  and  the  cobalt  separated  with  barium  car- 
bonate and  chlorine.  From  the  nickel  salt  obtained  the 
oxalate  was  precipitated  with  oxalic  acid.  The  number  is 
the  mean  of  four  analyses ;  extreme  difference,  0.082  for  O 
=  8.     {Foggend.  Arm.  101  j  1857,  896.) 

0.  Marignao  :  59  (O  =  16). 

Marignac  made  two  analyses  of  the  sulphate  by  decom- 
posing the  salt  b^  heat.  The  decomposition  is  perfect.  To 
avoid  errors  arising  from  possible  reduction  of  a  portion  of 
the  oxide,  it  was  moistened  with  nitric  acid,  and  recalcined 
at  a  moderate  temperature.  The  results  obtained  were  Ni 
=  29.2  and  29.5.  The  sulphate  was  purified  by  recrystalli- 
zation.  He  also  made  experiments  on  the  chloride  by  titra- 
tion with  argentic  nitrate,  according  to  Pelouze's  modifica- 
tion of  Gay-Lussac's  method.  Three  such  analyses  gave 
from  29.4  to  29.5.  In  one  experiment  he  also  evaporated 
the  nickel  nitrate,  after  filtering  off  the  argentic  chloride, 
and  converted  it  into  oxide  by  heat.  This  experiment  gave 
Ni  =  29.64.  The  chloride,  whether  it  be  distilled  or  cal- 
cined with  ammonium  chloride,  is  apt  to  leave  an  insoluble 
residue  the  weight  of  which  must  be  deducted.  S  =s  16 ; 
Ag  =  108 ;  CI  =  85.5.  {Bibl.  Univ.  Arch,  des  Sciences^  (2,) 
i,  1858,  875.) 

J.  Dumas  :  59.028  (0  =  16). 

The  number  is  the  mean  result  of  five  experiments  on 
the  titration  of  the  chloride  with   argentic   nitrate;   ex- 


Digitized  by 


Google 


88  ATOMIO  WEIGHT  DETEBMINATIONS. 

treme  difference  0.08.  Ag  =  108;  01  =  86.5.  In  three 
cases  the  nickel  chloride  was  prepared  by  dissolving  fused 
nickel  in  aquia  regia,  repeated  evaporation  to  dryness  with 
HCl,  and  heating  for  from  twelve  to  twerfty-four  hoars  in  a 
current  of  HCl  gas.  In  two  cases  it  was  produced  by  pass- 
ing a  current  of  chlorine  over  spongy  nickel.  The  chloride 
analyzed  was  crystalline  and  volatile  without  residue. 
{AnnaL  de  Chim.  et  de  Phys.,  (8,)  66 j  1859, 149.) 

R.  Schneider  :  58.058  (O  =  16). 

In  consequence  of  Marignac's  criticism  (that  as  nickel 
oxalate  is  insoluble  it  cannot  be  purified  by  recrystalliza- 
tion)  Schneider  repeated  his  former  determination,  making 
special  tests  for  oxalic  acid,  sodium,  and  chlorine,  with  the 
above  result.     {Poggend.  Ann.y  107, 1859,  616.) 

W.  J.  Russell  :  58.788  (O  =  16 ). 

Determined  from  the  mean  of  thirteen  experiments  on 
the  reduction  of  the  oxide  in  hydrogen.  Extreme  differ- 
ence, 0.12  for  O  =  16.  The  oxide  was  prepared  from  three 
specimens  of  commercial  nickel,  which  were  first  converted 
into  pure  oxalate  and  then  into  nitrate.  The  oxide  was 
obtained  by  decomposing  the  nitrate  by  a  very  strong  heat. 
{Joum.  Chem.  Soc,  (2,)  i,  1863,  61.) 

Schneider  remarks  that  a  portion  of  the  oxide  analyzed 
may  have  been  reduced  during  the  process  of  decomposing 
the  nitrate.  {Poggend.  Ann.,  ISO,  1867,  810.)  Marignac 
points  out  the  same  danger.  (Bihl.  Univ.,  Arch,  des  Sciences y 
(2,)  A  874.) 

E.  VON  SoMMARUGA :  58.026  (O  =16). 

Determined  from  the  amount  of  barium  sulphate  obtained 
by  precipitating  the  double  sulphate  of  nickel  and  potassium 
witn  barium  chloride.  The  number  is  the  meaa  of  six 
experiments;  extreme  difference,  0.168  for  O  =  8,  S  =  16 ; 
Ba  [no  doubt]  =  68.5 ;  K  =  89.2.  The  salt  was  prepared 
by  solution  of  commercial  nickel  in  sulphuric  and  nitric 
acid,  adding  potassic  sulphate  to  the  solution,  and  repeatedly 
recrystallizmg  the  double  sulphate.  (Erdmann's  Joum.  fur 
Prak.  Chem.,  100, 1867, 115 ;  Sitz.-Ber.  der  k.  k.  Akad.,  1866.) 

C.  Winkler  :  59.05  (O  =  16). 

Determined  by  the  amount  of  gold  precipitated  from  a 
solution  of  neutral  crystallized  potassium  chloro-aurate  by 
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a  known  weight  of  nickel.  The  number  is  the  mean  of 
four  experiments;  extreme  diflference,  0.186  for  0  =  16, 
Au  ==  196.  The  nickel  was  prepared  as  follows  :  commer- 
cial nickel  carbonate  was  dissolved  in  chlorhydric  acid, 
cobalt  was  repeatedly  precipitated  with  sodium  hypochlo- 
rite, copper,  etc.,  were  removed  with  hydrogen  sulphide, 
the  nickel  was  precipitated  with  sodium  carbonate,  the  pre- 
cipitate dissolved  in  chlorhydric  acid,  the  chloride  sublimed 
and  reduced  in  a  current  of  hydrogen.  (Fresenius'  ZeitscLy 
6, 1867,  22.) 

W.  J.  Russell  :  58.76  (O  =  16). 

Determined  by  the  amount  of  hydrogen  set  free  by  solu- 
tion of  nickel  in  chlorhydric  acid.  The  nickel  was  that 
obtained  in  Bussell's  former  determination  of  the  atomic 
weight  of  nickel.    {Chem.  News,  SO,  1869,  20.) 

R.  H.  Leb:  58.01  (0  =  16). 

Determined  by  analyses  of  nickel  cyanide  salts.  They 
were  decomposed  in  a  platinum  crucible  bv  heat  from  above. 
The  carbon  separated  out  was  burned  off  first  in  air  and 
then  in  oxygen.  The  metallic  oxide  was  reduced  in  a  cur- 
rent of  hydrogen.  The  mean  of  six  experiments  on  the 
strychnine  salt  gave  Ki  =  58.04.  The  mean  of  six  experi- 
ments on  the  brucine  salt  gave  Ni  =  57.98.  The  salts  were 
purified  by  recrystallization.  {Berlin,  Bericht  der  Chem. 
Ges.,  j^  1871,  790.) 


NIOBIUM. 


The  vapor  density  of  the  chloride  and  of  the  oxychloride, 
as  determined  by  Deville  and  Troost,  places  the  atomic 
weight  at  about  94.    {Paris  Comptes  Bend.,  66, 1868,  891.) 

H.  Rose:  ISS  (0  =  16). 

Rose  deduced  the  atomic  weight  of  niobium  from  analy- 
ses of  what  he  supposed  to  be  the  tetrachloride,  determin- 
ing the  niobium  as  niobic  acid,  and  the  chlorine  as  argentic 
chloride.  The  results,  which  varied  greatly,  indicated  the 
value  97.64.  [Marignac  having  proved  that  the  salt  is  a 
pentachloride,  this  number  becomes  122.]  Marignac  showed 
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that  Rose  dealt  with  a  compoaud  containing  a  large  amount 
of  the  corresponding  tantalium  chloride.  {Poggend.  Arm.y 
104^  1858,  439.) 

EosE ;  Rammelsberg  :  94  (O  =  16). 

Rose  analysed  the  oxychloride,  but  did  not  recognize  it 
as  an  oxychloride.  Rammelsberg  calculated  the  atomic 
weight  from  Rose's  figures  and  found  that  the  highest  chlo- 
rine contents  corresponds  to  an  atomic  wei^t  of  94. 
Rose's  salt  must  have  been  nearly  pure  as  there  is  no  cor- 
responding tantalium  compound.  {Foggend.  Arm.^  lS6y 
1869,  853.) 

R.  Hermann  :  104.8  (0  =  16). 

Hermann  deduces  this  value  from  analyses  of  a  number 
of  chlorides  and  sodium  salts.  The  formulas  which  he 
gives  these  compounds  are  complicated,  unlikely,  and  un- 
supported by  evidence.  Marignac  has  shewn  that  Her- 
mann's salts  contained  tantalium.  {Mrdmann's  Joum.  fur 
Prak.  Chem.y  68, 1856,  78.) 

0,  W.  Blomstrand  :  95  (O  =  16). 

Blomstrand  made  three  determinations  of  the  chlorine 
contents  of  the  pentachloride,  getting  64.712  per  cent.,  ex- 
treme difference,  0.32.  He  also  made  eleven  determina- 
tions of  the  niobium  in  the  same  compound,  weighing  it  as 
niobic  acid.  100  chloride  gave  in  mean  49.794  acid.  The 
atomic  weight  calculated  from  the  chlorine  contents  is 
96.67 ;  from  the  niobic  acid,  96.16.  Blomstrand  also  made 
experiments  on  sodium  niobate  which  led  him  to  the  con- 
clusion that  the  most  probable  number  is  95.  {Grmelin- 
Kraut,  S,  part  2,  78;  Acta  Univ.  Lund.,  1864.) 

C.  Marignac:  94  (0  =  16). 

Determined  from  a  number  of  analyses  of  potassium 
fluoniobate  containing  two  atoms  of  potassium.  The  com- 
pound was  decomposed  by  sulphuric  acid  with  which  it 
was  evaporated  to  dryness.  The  residue  was  leached  with 
water,  the  filtrate  evaporated  and  the  potassic  sulphate 
melted  and  weighed.  The  sulphuric  acid  remaining  with 
the  niobic  acid  was  driven  off  by  heat  and  the  acid  weighed. 
The  salt  being  readily  soluble  and  crystallizing  well,  can 
easily  be  purified  from  all  substances  except  titanium  which 
Mangnac  knows  no  way  of  separating  or  determining. 
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The  larger  the  amount  of  titanium  present,  the  lower  will 
the  atomic  weight  be ;  Marignac  therefore  takes  the  highest 
value.  {Liebig'8  Ann.,  S.  4,  884,  288,  888;  Bibl.  Univ., 
Arch,  des  Sciences,  SS,  1865,  S5, 1866.) 


NITROGEN. 


Begnault  has  determined  the  specific  gravity  of  nitrogen. 
Itinoicates  an  atomic  weight  slightly  above  14.  {GrmeUn- 
Kraut,  I  c.) 

BioT  and  Araqo  ;   .Wollaston  :    14^03  (O  =  16)  ; 
87.7  (O  =  100). 

Biot  and  Arago  found, the  specific  gravities  of  N  and  H 
0.96918  and  0.07321.  If  H  =  13.27  the  value  follows. 
[This  very  accurate  value  is  of  course  the  result  of  two 
compensating  errors.]    {PhU.  Trans.,  104j  1814,  20.) 

J.  J.  Bbrzblius  ;  1.^163  (0  =  16) ;  88.518  (0  =100). 

Calculated  from  the  specific  gravity  as  determined  by 
Berzelius  and  Dulong,  compared  with  that  of  oxygen.  By 
decomposing  the  nitrate  of  lead  by  heat,  Berzelius  also 
found  N  =  88.61  for  Pb  =  1294.498.  {Poggend.  Ann.,  8, 
1826, 14.) 

E.  Tubnbr:  14.15  (0  =  16). 

Determined  by  experiments  on  the  nitrates  of  lead,  silver, 
and  barium,  which  were  precipitated  with  sulphuric  and 
hydrochloric  acids,  and  gave  respectively  N  =  14.201 ; 
14.09;  14.17 ;  if  Pb  =  103.6 ;  Ba  =  68.7 ;  01  =  35.42 ;  8 
=  16.085 ;  the  weighings  being  reduced  to  vacuum.  The 
salts  were  purified  by  recrystallization.  Turner  recom- 
mends more  direct  methods.     {PhU.  Trans.,  1S3, 1883, 537.) 

T.  Thomson:  U  (0  =  16). 

From  the  hypothesis  that  air  is  a  compound  containing 
four  parts  of  N  and  one  part  oxygen,  and  from  the  average 
of  various  selected  determinations  of  the  specific  gravity  of 
oxygen,  Thomson  concludes  the  specific  gravity  of  oxygen 
is   1.1111,  and  that  of  N  0.9722.     These  numbers  stand 
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to  one  another  as  16  to  14.  {ErdmanrCs  Joum.  fUr  Prak, 
Chem.,  8,  1836,  376;  Records  of  General  Science,  by  R.  D, 
Thomson,  1836, 179.) 

F.  Penny  :  14.018  (0  =  16). 

From  the  mean  of  three  series  of  experiments  (vide 
Penny's  determination  of  potassium)  it  follows  that  100 
potassic  chloride  =  135.636  potassio  nitrate.  Penny  found 
the  molecular  weight  of  KCl  =  74.5£7 ;  hence  the  difference 
between  a  chloride  and  a  nitrate  is  26.560.  Similar  experi- 
ments were  made  on  the  sodium  salts.  In  four  experiments 
100  sodium  chlorate  were  found  =  54.930  chloride ;  extreme 
difference,  0.02.  In  three  experiments,  100  sodium  chlo- 
rate were  found  =  79.882  sodium  nitrate ;  extreme  differ- 
ence, 0.015.  In  six  experiments  100  sodium  nitrate  were 
found  =  68.771  chloride;  extreme  difference,  0.013.  In 
seven  experiments  100  chloride  were  found  =  145.416 
sodium  nitrate;  extreme  difference,  0.016.  These  data 
give  sodium  chloride  =  58.5,  and  the  nitrate  =  85.068,  or 
the  difference  between  a  chloride  and  a  nitrate  =  26.668. 
Penny  found  01  =  35.454.  If  NO,  -  01  =  26.664,  N  = 
14.018.  Weighings  for  vacuum.   (PkU.  Trans.,  liS9, 1839, 25.) 

L.  SVANBEBQ  :  1S.91  (O  =  16). 

Determined  by  four  experiments  on  the  decomposition  of 
plumbic  nitrate  by  heat  which  gave  a  mean  of  67.4016  per 
cent,  oxide ;  extreme  difference,  0.0087.  [If  Pb  =  206.926 
(Stas)  the  value  follows.]  {Berzelius*  Jahresbericht,  SS,  1842, 
38.) 

0.  Marignac  :  U.OS  (O  =  16) ;  87.626  (0  =  100). 

Marignac  made  five  experiments  by  dissolving  a  known 
weight  of  silver  in  nitric  acid  and  melting  ana  weighing 
the  nitrate  formed.  The  silver  carried  out  of  the  retort  by 
the  vapors  was  precipitated  and  determined.  The  mean 
result  was  that  100  silver  =  157.430  nitrate ;  extreme 
difference,  0.046 ;  or,  if  Ag  =  1349.01,  N  =  87.535.  Six 
experiments  were  made  by  the  decomposition  of  a  known 
weight  of  argentic  nitrate  with  a  known  weight  of  potassic 
chloride  by  Felouze's  method.  Mean,  100  KOI  =  227.986 
argentic  nitrate ;  extreme  difference,  0.18.  This  gives  N  = 
87.686  if  X  =  488.94  and  01  =  448.2.  Seven  experiments 
bjr  the  same  method  showed  that  100  silver  dissolved  in 
nitric  acid  =  49.522  ammonium  chloride ;  extreme  differ- 
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ence,  0.068 ;  Hence  N  =  87.655.  The  weighings  are  re- 
duced to  vacuum.  {BerzeUus'  Jahresbericht^  flf4>9  1842,  44; 
BibL  Univ.  de  Oentce,  J^,  1842,  363.) 

T.  Anderson  :  ISM  (O  =  16);  87.204  (0  =  100). 

Determined  by  four  experiments  on  the  decomposition 
of  plumbic  nitrate  by  heat  at  a  sufficiently  low  temperature 
to  permit  of  complete  decomposition.  The  number  is  the 
mean ;  extreme  diflference,  0.198  for  0  =  100.  Pb  = 
1294.5,     {Annal.  de  (Mm.  et  de  Phys.,  (3,)  S,  1843,  264.) 

J.  Pelouzb  :  U.OU  (O  =  16) ;  87.69  (O  =  100). 

A  known  weight  of  argentic  nitrate  was  brought  in  con- 
tact with  a  known  and  slightly  excessive  weight  of  ammo- 
nium chloride  and  the  excess  titrated  with  suver  solution. 
One  experiment  gave  N  =  175.68 ;  a  second  gave  N  =: 
174.78.  Ag=  1349.01;  CI  =  443.2,  The  ammonium 
chloride  was  purified  by  sublimation  and  recrystallization. 
{Paris  Oomptes  Bend.,  W,  1845,  1047.) 

P.  EiNBRODT :  mO  =  16);  87.6  (0  =  100). 

Experiments  on  the  decomposition  of  plumbic  nitrate  by 
heat  gave  N  =  87.5  plus  a  vanishing  quantity  if  Pb  = 
1294.2239.    {Ldbig's  Ann.,  70, 1849,  286.) 

J.  Dumas  :  14  (0  =  16). 

Determined  by  experiments  on  the  combustion  of  ammo- 
nia and  cyanogen.  Particulars  not  given.  0  =  6;  H  =  1. 
(Amal.  de  Chim.  et  de  Phys.,  (3,)  66, 1859, 134.) 

J.  S.  Stab  :  14.044  (O  =  16). 

Stas  made  seven  determinations  of  the  relation  between 
silver  and  its  nitrate  by  dissolving  pure  silver  in  nitric  acid, 
evaporating  to  dryness  and  keeping  the  salt  melted  until 
there  was  no  further  loss  of  weight.  In  two  of  these  experi- 
ments the  salt  was  melted  in  vacuo.  The  mean  result  was 
that  100  Ag  =  157.472  nitrate ;  whence  N  =  14.040.  Later 
Stas  made  two  more  experiments  by  the  same  method  with 
all  possible  precautions  to  secure  accuracy.  These  gave  100 
Ag  =  157.484  nitrate  and  N  =  14.042.  Bv  the  conversion 
of  the  chlorides  of  potassium,  sodium,  lithium  and  silver 
into  nitrates,  Stas  found  the  difference  between  a  chloride 
and  a  nitrate  26.5882.     This  gives  N  =  14.045.     The  weigh- 
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ings  are  reduced  to  vacuum.     01  =  86.457 ;  Ag  =  107.98. 

{StaSy  Unters.  ilber  Chem.  Prop.  Leipzig,  1867.) 


OSMIUM. 


Regnault  has  determined  the  specific  heat  of  osmium.  It 
corresponds  to  an  atomic  weight  of  about  199.  {GhneUn- 
Kraut ,  I  c.) 

J.  J.  Bbkzblius  :  199.04,  (0  =  16). 

Berzelius  analyzed  potassium  chloro-osmate  by  reduction 
in  a  current  of  hydrogen  and  solution  of  the  potassium 
chloride  from  the  residue.  1.3165  grammes  of  the  double 
salt  lost  0.8805  in  reduction  and  the  residue  was  composed 
of  0.401  potassium  chloride  and  0.585  osmium.  The  atomic 
weight  may  be  calculated  either  from  the  chlorine  lost  or 
from  the  relation  of  the  chloride  to  the  metal  in  the  residue. 
Berzelius  preferred  the  latter  as  more  probably  accurate. 
Pf  K  =  89.187;  01  =  85.457  (Stas;)  this  relation  gives 
199.04.]  According  to  W.  M.  Watts,  (Ohem.  News,  19^ 
802)  the  loss  of  chlorine  gives  for  Stas's  values  Os  =  199.42. 
Hyperosmic  acid  was  separated  from  iridium  compounds  by 
distilling  at  a  gentle  heat.  The  first  portion  is  perfectly 
pure.  The  metal  was  precipitated  from  chlorhydric  acid 
solution  of  hyperosmic  acid  by  mercurv  and  subsequently 
purified  by  heating  in  a  current  of  hydrogen.  Potassium 
chloro-osmate  was  formed  b^  heating  comminuted  metal 
and  KOI  in  a  current  of  chlorme.  {Poggend.  Ann.,  IS,  1828, 
580 ;  Kongl  Vet.  Acad.  Handl.,  1828.) 

E.  Frbmy  :  199.66  (O  =  16) ;  1247.8  (O  =  100). 

Pure  osmium  was  burned  in  a  current  of  oxygen  and 
the  fumes  led  over  potassic  hydrate,  by  which  they  are 
absorbed.  An  additional  potash  tube  did  not  increase  in 
weight     Oorks  were  avoided.    Number  of  experiments  not 

5iven.    {Erdmann's  Joum.  fur  Prak.  Chem.,  SS,  1844,  409  ; 
oum.  de  Pharm.  et  GUm.,  1844,  241.) 

Dbvillb  and  Dbbray  :  198  (O  =  16). 

These  chemists  determined  the  vapor  density  of  hyper- 
osmic acid  by  Dumas'   method,  finding  it   8.89  at  246^ 
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and  8.87  at  286^.  They  hence  consider  it  probable  that 
the  atomic  weight  of  osmium  is  the  same  as  that  of  plati- 
num. The  acid  was  very  pure  and  was  prepared  by  the 
combustion  of  metallic  osmium  in  oxygen.  {PariSy  Comptes 
Bend.,  U.  1857, 1101.) 


OXYGEN. 


The  atomic  weight  of  oxygen  is  assumed  at  16  for  the 
reasons  stated  under  hydrogen,  q.  v.  If  hydrogen  is  taken 
as  unity,  0  =  15.96. 


PALLADIUM. 


Kegnault  determined  the  specific  heat  of  palladium.  It 
corresponds  to  an  atomic  weight  of  about  106.  {Qmdin^ 
Kraut,  I.  c.) 

J.  J.  Bbrzblixjb;  106 Jl  (0  =  16). 

In  his  earliest  determinations  of  this  constant,  Berzelius 
saturated  the  metal  with  sulphur,  getting  about  711  for  8 
s  201.165;  and  decomposed  the  chloride  with  mercury, 
getting  704.  [711  appears  to  be  a  misprint  for  714.618  the 
number  given  with  corresponding  data  at  Poggend.,  8, 180.] 
In  this  investigation  a  known  weight  of  potassium  chloro* 
palladate  was  reduced  in  a  current  of  hydrogen,  the  weight 
of  the  residue  determined,  the  potassium  chloride  leached 
from  the  residue  and  the  metallic  palladium  weighed.  The 
double  salt  was  stronglv  heated,  but  not  to  ftision,  in  a  current 
of  dry  air  before  weighing.  It  beinff  impossible  to  desiccate 
this  and  the  similar  platinum-metS  salts  completely  with- 
out decomposition,  the  atomic  weight  was  calculated  from  the 
relation  between  the  metal  and  the  ECl.  Berzelius  found 
0.575  Pd  =  0.809  KCl,  and  0.851  Pd  =  1.192  KCl.  [K  KCl 
=  74.594  (Stas)  the  former  gives  Pd  =  106.086,  the  latter 
106.509.]  Berzelius  had  reason  to  consider  the  latter  analy- 
sis the  more  accurate.  {Poggend.  Ann.,  IS,  1828, 454  ;  Kongl. 
VeL  Acad.  Handl,  1828.) 
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PHOSPHORUS. 

The  specific  beat  of  this  element,  as  well  as  the  density 
of  phosphorus  and  its  numerous  volatile  compounds  in  the 
gaseous  state,  corresponds  to  an  atomic  weight  slightly 
above  81.    {Ghnelin-J^rauty  L  c.) 

V.  Ross;  F.  H.  Wollaston:  S6J  {0  =  16). 

Wollaston  adopted  the  analysis  of  Rose,  who  found  that 
phosphoric  anhydride  contained  53.28  per  cent,  oxygen  and 
46.72  per  cent,  phosphorus.  [This  relation  gives  the  above 
value.]    (PhU.  Trans.,  104, 1814,  20.) 

J.  J.  Bbrzblius  :  31.3^6  (O  =  16). 

Berzelius  made  experiments  on  the  reduction  of  auric 
chloride  and  of  argentic  sulphate  by  phosphorus.  His  re- 
sults were  0.8115  P  =  18.98  Ag;  0.829  P  =  8.714  Au; 
0.754  P  =  7.93  Au.  [The  first  of  these  analyses  is  misprinted 
in  the  ori^nal  memoir  (Gilbert's  Ann.,  63,  488).]  In  the 
LehrbiLch  it  is  miscalculated  as  Ruecker  has  shown.  Ber- 
zelius preferred  deducing  the  atomic  weight  of  P  fi'om  that 
of  silver,  because  the  atomic  weight  of  the  latter  was  more 
accurately  known  than  that  of  gold.  [If  Ag  =  107.98,  the 
data  give  P  =  81.825,  for  Au  =  196.67  the  latter  analyses 
give  r  =  81.176  and  81.165/)  In  all  the  experiments  the 
precipitated  metal  was  boilea  with  the  solution  when  the 
reduction  was  nearly  complete.  A  trace  of  gold  was 
observed  to  precipitate  after  the  experiments  were  over. 
The  silver  was  heated  to  redness  before  weighing.  QT.  P. 
Cooke^  Jr.,  has  shown  (atomic  weight  of  antimony)  that 
silver  is  volatile  at  a  red  heat.  Berzelius  must  therefore 
have  got  too  large  a  result.]  The  phosphorus  was  distilled, 
melted  in  a  glass  tube  and  cooled  very  slowly,  to  permit 
traces  of  oxides  to  rise  to  the  surface,  and  the  lower  portion 
of  the  tube  with  the  phosphorus  broken  off  and  instantly 
weighed.  {Gilberfs  Ann.,  S3,  1816,  488,  and  Lehrbwh  S, 
1188.) 

J.  Pblotjzb  :  3e.0e4  (O  =  16) ;  200.15  (O  =  100). 

A  known  weight  of  argentic  nitrate  was  brought  in  con- 
tact with  a  known  and  slightly  excessive  weight  of  phos- 
phorous chloride  and  the  excess  titrated.  The  number  of 
experiments  is  not  given.     Ag  =  1849.01 ;    01  =  443.2. 
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The  terchloride  was  prepared  by  chloridizin^  finely  divided 
P  with  dry  chlorine,  aading  finely  divided  P,  decanting, 
flotation  with  tin  amalgam  and  rectification  over  the  same, 
^e  fluid  was  colorless  and  did  not  give  any  precipitate 
with  water.    {Paris,  Oomptes  Bend.,  W,  1845, 1047.) 

V.  A.  Jacqublin  :    29.83  (O  =  16) ;  186.438  (O  =;= 
100). 

Determined  by  experiments  on  the  chlorides  of  phos- 
phorus with  argentic  nitrate  and  plumbic  oxide.  The  re- 
sults are  utterly  discordant.  {Paria,  Oomptes  Bend.,  SS, 
1861,  693.) 

A.  SoHROBTTBR :  31.0274  (O  =  16). 

Determined  by  burning  perfectly  pure  amorphous  phos- 

Sborus  in  dry  oxygen  and  weighing  the  phosphoric  anhy- 
ride.      The  number  is  the    mean  of   10  experiments ; 
extreme  difierence,  0.1242.     Previous  to  burning,  the  phos- 

Ehorus  was  heated  for  a  long  time  in  carbon  di-oxide  or 
ydrogen.  It  was  burned  not  in  powder  but  in  lumps. 
{Erdmann's  Joum.  jur  Prak.  Ghent.,  68,  1851,  485 ;  SUz.- 
Berieht  der  k.  k.  Akad.,  1851.)  , 

B.  0.  Brodib  :  81.81  (0  =  16). 

Three  experiments  made  by  oxidation  of  phosphorus 
with  aqua  regia  and  determination  as  magnesium  pyrophos- 
phate gave  this  mean.  Brodie  seems  to  regard  these  deter- 
minations only  as  evidence  that  the  atomic  weight  needs 
redetermination.    {Jowm.  Chem.  Soc.,  5, 1852,  295.) 

J.  Dumas  :  81.08  (0  =  16). 

Determined  by  five  experiments  on  the  titration  of  the 
terchloride  with  argentic  nitrate.  The  chloride  was  pre- 
pared by  the  action  of  dry  chlorine  on  amorphous  phos- 
phorus and  distillation  after  the  chlorine  had  been  displaced 
by  carbon  di-oxide.  The  portion  distilling  between  76° 
and  78®  only  was  used.  The  number  is  the  mean  of  the 
results;  extreme  difierence,  0.08.  Ags=108;  01  =  35.5. 
{ArmoL  de  Chm.  etde  Phys.,  (8,)  66, 1859, 172.) 
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PLATINUM. 

Regnault  and  Eopp  have  determined  the  specific  heat  of 
platinum.  It  answers  to  an  atomic  weight  of  ahout  197. 
{Ghnelin-Krauty  l.  c) 

J.  J.  Bbrzblius  :  197.19  (0  =  16). 

Determined  by  the  same  method  as  osmium,  q.  v.,  from 
a  single  experiment  on  potassium  auroplatinate.  2.135 
potassium  chloride  accompanied  2.822  platinum.  [If  KOI 
=  74.594  (Stas,)  this  ^ves  the  above  value.]  The  salt  was 
prepared  bpr  precipitating  an  alcoholic  solution  of  platinum 
chloride  with  potassium  chloride,  washing  with  alcohol  and 
heating  to  redness  in  a  current  of  chlorine.  Berzelius  re- 
marks that  the  metal  used  in  his  former  determinations 
was  impure.  {Poggend.  Ann.y  ISy  1828,  468,  and  Lehrbuch^ 
S,  1218.) 

T.  Andrews  :  197.88  (O  =  16). 

Determined  by  three  experiments  on  potassium  chle- 
roplatinate.  The  salt  was  dried  at  105®  in  vacuo,  decom- 
posed by  zinc,  the  excess  of  zinc  removed  by  acetic  acid, 
the  solution  filtered  ofiT,  and  the  chlorine  titrated.  The 
number  is  the  mean ;  extreme  difiference,  0.22.  The  values 
assumed  for  Ag  and  CI  are  not  given.  They  were  most 
likely  Marignac's.     {Brit.  Assoc.  jSep.^  1852,  part  2,  88.) 

J.  S.  Stas  made  preparations  for  determining  the  atomic 
weight  of  platinum,  but  not  being  able  to  produce  potas  - 
slum  chloroplatinate  entirely  free  from  water,  and  being 
unacquainted  with  Bunsen's  method  of  accomplishing  this 
end,  resigned  the  attempt.  He  made,  indeed,  three  analy- 
ses by  the  same  methoa  employed  by  Berzelius,  but  un- 
fortunately does  not  communicate  the  results.  (Stas^  Unter- 
such,  ilber  Chem.  Prop.y  Leipzig^  1867,  265.) 


POTASSIUM. 


Regnault  determined  the  specific  heat  of  potassium.  It 
corresponds  to  an  atomic  weight  of  about  89.  {Omdinr 
Krauty  l.  c) 
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M.  H.  Klapeoth  ;  F.  H.  Wollaston  :  S9.617  (O  == 
16). 

Elaproth  found  that  441  CI  =  591  potassiam  oxide. 
Hence  Wollaston  deduced  the  value  491  (0  =  100)  for 
K  [ff  CI  =  36.457,  this  relation  gives  K  =  39.517.]  (PhU. 
Trans.,  IOj^  1814,  20.) 

J.  J.  Bbrzblius  :  S9.19S  (O  =  16) ;  244.958  (O  = 
100). 

Berzelius  found  that  100  KCl  =  192.4  Ag  CI.  K  Ag  = 
1361.607 ;  CI  =  442.65 ;  the  above  value  follows.  {Poggend. 
Arm.y  8, 1826, 190.) 

F.  Penny:  39.078  (0  =  16). 

Penny  made  six  experiments  on  the  conversion  of  the 
chlorate  into  the  chloride.  Potassic  chlorate  was  dried  at 
about  106^,  dissolved  in  a  flask  with  HCl,  evaporated,  dried 
and  weighed.  The  cake  contained  some  free  HCl.  It  was 
broken  up,  pulverized,  and  a  known  Quantity  heated  to  dull 
redness  but  not  to  fusion,  and  the  HCl  expelled  allowed  for. 
The  mean  result  was  that  100  KCl  O,  =  60.823  KCl ;  ex- 
treme  difference,  0.016.  This  relation  gives  KCl  =  74.527 
and  if  CI  =  86.464  (Penny,)  the  value  for  K  follows. 
Numerous  experiments  were  also  made  on  the  introconver- 
sion  of  the  nitrate,  the  chloride  and  the  chlorate,  which 
established  the  difference  between  a  chloride  and  a  nitrate, 
besides  confirming  the  value  of  TSL  The  salts  were  purified 
bv  recrystallization  and  were  carefully  tested  for  impurities. 
The  weighings  are  all  for  vacuum.  {PhU.  Trans.,  1^9, 1839, 
18.) 

C.  Marignao  :  S9.e  (0  =  16);  246  (0  =  100). 

By  six  experiments  on  the  decomposition  of  the  chlorate 
by  heat,  100  chlorate  were  found  to  lose  89.161  oxygen ; 
extreme  difference  0.012 ;  hence  KCl  =  932.14.  By  com- 
paring  this  value  with  the  molecular  weight  and  the  compo- 
sition of  argentic  chloride,  CI  was  calculated  at  442.18,  leav- 
ing for  K  the  number  490.  Confirmatory  experiments  were 
made  on  potassic  perchloride.  The  chlorate  was  purified  by 
recrystallization.  The  weighings  are  for  vacuum.  {Liebig's 
Arm.,  U,  1842,  28.) 
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C.  Marignac:  39.116  {O  =  16);  244.47  (0  =  100). 

Having  determined  the  atomic  weight  of  chlorine  from 
syntheses  of  argentic  chloride,  and  found  it  443.2,  the 
molecular  weight  of  ECl  in  the  last  determination,  gives 
K  =  244.47,  for  vacuum.  Berzelius,  by  rejecting  some 
analyses  and  the  correction  for  vacuum,  deduces  the  value 
244.429.  {BerzeUus'  Jahresberichty  «5, 1845,  81 ;  BibL  Univ. 
de  Genhe,  J^B,  1842,  850.) 

J.  Pblouzb  :  S9.1U  (0  =  16);  244.65  (O  =  100). 

A  known  weight  of  KCl  was  brought  into  contact  with  a 
known  amount  of  silver  dissolved  in  nitric  acid,  the  chlo- 
ride being  slightly  in  excess.  This  excess  was  titrated  with 
a  decimal  solution  of  silver.  The  number  is  the  mean  of 
three  experiments.  Ag=  1849.01;  01  =  448.2.  The  chlo- 
ride was  prepared  bv  heating  the  chlorate  and  recrystalliz- 
ing  the  residue.     {Pom  Corrvptes  Bmd.^  SOy  1845, 1047.) 

According  to  Pelouze,  Levol  found  the  molecular  weight 
of  KOI  466.245,  which  combined  with  Marignac's  value  of 
01  would  give  K  =  244.645  or  S9.14S.    {Ibid.) 

E.  J.  MAUMBNfi  :   38.96   (O  =  16) ;    248.502    (O  = 
100.) 

The  mean  of  three  experiments  on  the  decomposition  of 
EOl  with  an  excess  of  argentic  nitrate  showed  that  100 
KOI  =  192.75  AgOl.  K  Ag  =  1850.82  and  01  =  448.67, 
according  to  Maumen6's  determinations,  the  number  fol- 
lows. The  KOI  was  prepared  from  the  chlorate  by  heat. 
To  confirm  his  values  for  K  and  01,  he  made  seven  experi- 
ments 01)  the  decomposition  of  the  chlorate  by  heat,  and 
found  that  100  chlorate  gave  60.791  chloride.  An  unac- 
counted for  increase  in  the  weight  of  the  flask  occurred  in 
these  experiments.  {Annal.  de  Chinu  et  de  Phys.j  (8,)  18f 
1846,  41.) 

J.  8.  Stas  :  39.187  (O  =  16). 

According  to  the  mean  of  seven  deteraiinations,  100 
parts  of  KOI  dissolved  in  nitric  acid,  and  evaporated  to 
dryness  give  185.6423  parts  of  nitrate ;  extreme  difference, 
0.017.  if  01  =  85.457;  N  =  14.044;  the  value  follows. 
This  value  is  confirmed  by  previous  experiments  which 
gave  39.130.  Potassic  chloride,  by  whatever  means  it  is 
prepared,  still  retains  silica.     Stas,  therefore,  determined 
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the  amount  of  silica  in  the  ECl  and  allowed  for  it.  Weigh- 
ings for  vacaum.  {Sias^  Untersuch.  ilber  Chem.  Prop.y 
Ldpziffy  1867.} 

Stas  mentions  that  Dumas,  who  was  the  first  to  place  K 
at  89,  afterwards  became  convinced  that  this  number  was 
too  low.    (J6tt/,  page  818.) 


RHODIUM. 


Regnault  has  determined  the  specific  heat  of  rhodium. 
It  corresponds  to  an  atomic  weight  of  about  104.  {Ghnelin'^ 
Kraut,  I  c.) 

J.  J.  Bekzblius  :  10i.S  (O  =16  ). 

Berzelius  made  two  analyses  of  dipotassic  chlororhodiate. 
This  salt  can  be  completely  desiccated  in  a  current  of  chlo- 
rine at  a  red  heat  without  decomposition.  8.146  grammes 
gave  on  reduction  in  a  cur;'ent  of  hydrogen  0.980  01,  and 
me  residue  contained  1.804  EOl  and  0.912  metallic  rhodium, 
pf  KOI  =  74.694,  01  =  85.457,  (Stas,)  the  atomic  weight  of 
the  salt  calculated  from  the  01  contents  is  859.881,  and  that  of 
Rh  104.272.  The  relation  between  the  Rh  and  the  01  gives 
Rh  =104.81 2.  The  relation  between  the  KOI  and  the  Rh 
gives  Kh  =  104.840.  The  mean  is  104.808.]  Berzelius 
made  a  second  analysis  of  the  crystallized  salt  in  which  he 
determined  the  water  of  crystallization.  [Under  the  same 
suppositions  and  in  the  same  order,  the  resulting  values  for 
Rh  are  106.279;  104.762;  103.708.1  In  the  Lehrbuch  only 
the  former  analysis  is  used  to  deauce  the  atomic  weight. 
Rhodium  was  separated  from  other  metals  by  its  insolu- 
bility in  aqua  re^a.  The  double  salt  was  formed  by  heat- 
ing finely  pulverized  Rh  in  mixture  with  KOI  in  a  current 
of  chlonne.  The  double  salt  was  dissolved  in  water,  pre- 
cipitated with  alcohol,  washed  with  alcohol  and  dried. 
{Poggmd  Ann.^  IS,  1828,  487 ;  KongL  Vetens.  Akad.  HandLy 
1828.) 

In  his  earlier  determination  (Rh  =  750.68  for  0  =  100^ 
Berzelius  mistook  an  hydrated  oxide  for  a  chloride.     [Ibid.) 
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RUBIDIUM. 

Eopp  determined  the  specific  beat  of  rubidium  cbloride. 
It  corresponds  to  an  atomic  weigbt  of  about  85.  {Ghndin- 
Krauty  I.  c.) 

KiRCHHOFP  and  Bunsen  :  85.86  (O  =  16). 

Determined  from  the  mean  of  four  experiments  on  the 
precipitation  of  the  chloride  with  argentic  nitrate.  The 
extreme  difference  was  0.24.  Ag  =  107.94;  01  =  35.46. 
An  impure  mixture  of  rubidium  and  potassium  chlorides, 
nearly  free  from  lithium  and  the  earths,  was  partially  pre- 
cipitated with  platinum  chloride  and  the  precipitate  freed 
from  KCl  by  repeated  boiling  with  water.  The  residue 
was  reduced  in  a  current  of  hydrogen,  the  rubidium  chlo- 
ride extracted  with  water,  and  reprecipitated  with  platinum 
chloride.  This  process  was  repeated  until  the  potassium 
lines  in  the  spectrum  disappeared.  The  rubidium  was  then 
converted  into  a  mixture  of  carbonate  and  oxide,  and  the 
caesium  separated  by  extraction  with  alcohol.  The  amount 
of  silver  precipitated  was  also  tested  from  time  to  time  and 
the  purification  continued  till  this  became  constant  {Pog- 
gend.  Am.,  113, 1861,  389.) 

J.  PiccARD :  85.41  (O  =  16). 

Determined  by  four  analvses  of  rubidium  chloride  with 
argentic  nitrate.  The  numoer  is  the  mean ;  extreme  differ- 
ence, 0.09.  The  separation  of  potassium  from  rubidium 
was  effected  for  the  different  analyses  by  6,  7,  and  8  succes- 
sive partial  precipitations  with  platinum  chloride,  and  the 
separation  of  caesium  by  thirty  successive  extractions  of 
the  anhydrous  carbonates  with  warm  absolute  alcohol.  The 
salt  analysed  was  spectroscopically  pure.  Ag  =  107.94 ; 
01  =  35.46.  The  experiments  were  made  with  Bunsen 's 
assistance.  {ErdmanrCa  Joum.  fiix  Prak.  Chem.,  86,  1862, 
449.) 

L.  Grandeau,  who  is  sometimes  credited  with  making  a 
determination  of  Rb,  expressly  disclaims  doing  so.  Me 
mentions  Bunsen's  value  as  the  true  atomic  weight  and  says 
that  his  analyses  of  the  sulphate,  undertaken  to  test  its 

Eurity,  led  him  to  adopt  the  number  85.4;  apparently  for 
revity's  sake.    {AnaaL  de  Chim,  et  de  Phys.,  (3,)  67, 1868, 
227.) 
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R.  GoDBTOBOT:  85.476  (0  =  16). 

Determined  by  four  analyses  of  rubidium  chloride  prepared 
and  analysed  exactly  as  Go.deffroy  determined  caesium,  q.  v.; 
extreme  difference,  0.04.  01  =  36.5 ;  Ag  =  108.  {Liebig's 
Arm.,  181, 1877, 189.) 


RUTHENIUM. 


Bunsen  has  determined  the  specific  heat  of  ruthenium. 
It  corresponds  to  an  atomic  weight  of  about  104.  {GhneUn- 
Kraut,  L  c) 

C.  E.  Glaus:  10^.67  (0  =  16). 

Determined  from  three  analyses  of  potassium  chlororuthe- 
niate  by  the  same  method  Berzelius  had  employed  for  other 
platinum  metals.  Olaus  found  an  average  of  28.783  per 
cent.  Ru;  extreme  difference  0.48,  and  41.063  EOl;  ex- 
treme difference,  0.51.  [If  K  =  39.137,  01  =  35.457;  this 
composition  ^ves  Ru  =  104.57.  The  weighings  as  given 
in  the  memoir  are  misprinted.]  Olaus  also  determined 
the  chlorine  with  silver;  the  results  were  such  as  to  show 
that  the  salt  was  not  anhydrous,  though  it  had  been  dried 
at  200^  in  an  atmosphere  of  01.  The  salt  was  prepared  by 
the  evaporation  of  a  solution  of  ruthenium  and  potassic 
hydrate  in  aqua  regia,  solution  of  other  chlorides  of  Ru  in 
dilute  HOI,  and  removal  of  basic  compounds  by  mechanical 
concentration  in  water.  Olaus  later  takes  the  atomic 
weight  of  Ru  =  104.  In  this  memoir  he  puts  it  at  651.387 
(O  =  100,)  i04.es  (O  =  16,)  without  mentioning  the  values 
of  K  and  01.    {Poggend.  Ann.,  66, 1845,  218.) 


SELENIUM. 


Renault  determined  the  specific  heat  of  selenium,  which 
accords  with  an  atomic  weight  of  about  79.  {OmeUn-Kraui, 
Lc.) 
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J.  J.  Bbrzblius  :  79.es  (O  =  16). 

Berzelius  found  that  100  Se  absorb  179  dry  chlorine  gas, 
and  that  the  product  was  exactly  decomposed  by  water  into 
chlorhydric  acid  and  selenious  acid.  [If  01  =  85.457  (Stas) 
the  value  follows.]    (Poggend.  Ann.^  8,  1826,  21.) 

F.  Saoc  :  78.66  (O  =  16) ;  490.93  (O  =  100). 

Sacc's  experiments  are  very  discordant.  He  made  three 
experiments  on  the  reduction  of  a  known  weight  of  sele- 
nious acid  with  ammonium  bisulphite  and  chlorhydric  acid. 
The  mean  result  was  Se  =  490.88 ;  extreme  difference,  5.5. 
In  four  experiments  barium  seleniate  was  decomposed  by 
heating  to  redness  with  sulphuric  acid  in  excess.  The  salt 
was  found  to  contain  41.95  selenious  acid ;  extreme  differ- 
ence 0.04.  For  Ba  =  856,877  the  resulting  value  is  491.49. 
The  selenium  was  purified  by  solution  in  nitric  acid,  evap- 
oration and  sublimation,  and  by  reduction  with  HOI  and 
ammonium  bisulphite.  Selenious  acid  was  prepared  by 
oxidation  with  nitric  acid.  Barium  seleniate  was  prepared 
by  precipitation  of  barium  nitrate  with  sodium  seleniate  and 
heating  to  redness.  Sacc  regards  490.8  as  the  most  prob- 
able value  of  Se.  {Annal.  de  Chim.  eidePhya.y  (8,)  Sly  1861, 
119.) 

A.  SCHROBTTEB  :  78.6  (O  =  16). 

Details  not  given.  {Kopp's  Jahresberichty  4y  1851,  818 ; 
Siiz.-Berkhi  der  k.  k.  Acad.,  6, 1851,  214.) 

Erdbiann  and  Marchand:    78.6    (0  =  16);    492.6 
(0  =  100). 

Determined  from  experiments  on  mercuric  selenide  by 
the  same  methods  employed  for  the  determination  of  d, 
q.  V.  Three  experiments  gave  71.726,  71.781,  71.741,  per 
cent,  mercury.  {ErdmamCs  Joum.  fUr  Prak.  Chem.,  55 ^ 
1852,  202.) 

J.  Dumas  :  76.46  (O  =  16). 

Determined  by  seven  experiments  on  the  chloridation  of 
selenium.  The  chloride  was  condensed  in  a  tube  cooled  to 
—  20®,  after  which  the  escaping  g^cs  were  led  through 
other  tubes  filled  with  asbestos.  The  extreme  difference 
in  the  results  was  0.46.  CI  =  85.5.  {Annal.  de  Chim.  et  de 
Phys.,  (3,)  66, 1859, 129.) 
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0.  Pbttbbsson  and  G.  Ekman  :  79.08  (0  =  16). 

Determined  by  five  analyses  of  selenious  acid.  A  warm 
eolation  of  the  acid  was  acidified  with  chlorhydric  acid, 
precipitated  with  sulphurous  acid  and  the  selenium  collected 
on  a  ^lass  filter.     Many  precautions  are  necessary  in  the 

Srecipitation  and  drvin^.     The  value  is  the  mean ;  extreme 
ifference,  0.04.    {6erbn,  Bericht  der  Chem.  QeseU.^  5, 1876, 
1212 ;  in  externa  in  the  Acta  of  the  Scientific  Sac.  of  Upsala.) 


SILICON. 


The  vexed  question  of  the  composition  of  silicic  acid  has 
been  settled  by  H.  F.  Weber,  who  found  that  the  specific 
heat  of  this  element  becomes  nearly  constant  above  200^ 
and  that  the  atomic  heat  is  5.8  for  Si  =  28.  {Poggend. 
Am.j  164, 1875,  575.) 

J.  J.  Bbrzelius  :  S9.6S  (O  =  16) ;  186.19  (0  =  100). 

100  parts  of  silicon,  which  had  been  heated  to  redness, 
and  freed  from  silicic  acid  by  hvdrofluoric  acid,  ^ave  208 
parts  silicic  acid,  whence  the  value.  Berzelius  also  made 
analyses  of  barium  fiuosilicide  from  which  he  calculated 
the  oxygen  contents  of  the  acid  at  51.975.  This  gives  for 
the  atomic  weight  of  Si  iS9M.  {Poggend.  Ann.,  *,  1826, 20 ; 
and  Lehrbuchy  5, 1200.) 

J.  Pblouzb  :  S8.46  (O  =  16 ) ;  177.88  (O  =  100). 

A  known  weight  of  perfectly  pure  silver,  dissolved  in 
nitric  acid,  was  brought  in  contact  with  a  known  and  slightly 
excessive  weight  of  silicon  tetrachloride  and  the  excess 
titrated  with  decimal  silver  solution.  The  value  is  derived 
from  the  mean  of  two  experiments;  difference  0.76  for  O 
=  100 ;  CI  =  448.2,  Ag  =  1349.01.  The  chloride  was  pre- 
pared  by  Ebelmen ;  it  was  perfectly  transparent,  volatilized 
without  residue,  and  had  been  dried  for  a  long  time  in  a 
vaoanm.    {Paris,  Oompies  Bend.,  SO,  1845, 1047.) 

J.  Dumas:  28.02(0  =  16). 

Determined  from  the  mean  of  two  experiments  on  the 
tetrachloride  which  was  weighed  off  in  a  glass  bulb  and 
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introduced,  so  enclosed,  into  a  vessel  containing  water. 
The  bulb  was  broken  and  the  chlorine  contents  titrated  with 
argentic  nitrate.  The  difference  between  the  experiments 
was  0.2  for  0  =  16,  Ag  =  108,  01  =  85.5.  The  chloride 
was  repeatedly  rectified;  its  boiling  point  was  59®.  {Annal. 
de  Chim.  et  de  Phys.,  (8,)  66,  1859,  129.) 

J.  Schiel:  28.01  (0  =  16). 

Determined  by  two  analyses  of  the  tetrachloride.  .The 
salt  was  decomposed  with  a  slight  excess  of  ammonium 
hydrate  and  the  chlorine  titrated  with  argentic  nitrate. 
The  atomic  weights  of  CI  and  Ag  used  are  not  stated. 
Schiel  found  0.6788  silicic  chloride  =  2.277  ar^ntic  chlo- 
ride, and  1.8092  silicic  chloride  =  4.418  argentic  chloride. 
[For  Ag  =  107.98,  01  =  85.467,  these  data  give  Si  = 
28.18,  and  27.89.]    (lAebig's  Ann.,  HO,  1861,  94.) 


SILVER. 


Dulonff  and  Petit,  Regnault  and  others  have  determined 
the  specific  heat  of  silver  and  found  it  in  accord  with  an 
atomic  weight  of  about  108.    {Ghnelin-KraiU,  I  c.) 

Marcbt;  Davy;  Wenzbl;  Wollaston. 

Wollaston  in  his  table  of  equivalents  mentions  that  Marcet 
found  441  01  =  1850  silver,  and  Davy  the  same  quantity  of 
chlorine  =  1860  silver.  Wenzel  found  200  sulphur  =  1860 
silver.    {PhU.  Trans.,  104,  1814,  21.) 

J.  J.  Bbrzblius:  108.1^9  (0  =  16);   675.804  (0  = 
100). 

Berzelius  found  that  100  silver  gave  182.75  argentic  chlo- 
ride. Taking  01  =  221.825  he  calculates  Ag  =  1851.607. 
He  expresses  uncertainty  whether  or  no  this  value  should 
not  be  reduced  to  one  half     {Poggend.  Ann.,  8, 1826, 180.) 

E.  TuRNBR :  108  (O  =  16). 

Turner  determined  the  composition  of  argentic  chloride 
at  100  silver  to  182.8  chloride.     These  numbers  are  for 
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yacuum.    If  01  =  85.42  (Turner)  the  value  follows.    {Phil. 
Trans.,  ISS,  1838,  586.) 

F.  Penny:  107.97  (0  =  16). 

Penny  made  six  experiments  on  the  conversion  of  silver 
into  nitrate.  The  silver  was  dissolved  in  cold  nitric  acid, 
the  solution  evaporated,  and  the  nitrate  fused  all  in  one 
flask  and  with  precautions  against  loss  by  spiriting.  He 
found  100  A^  =  157.441  nitrate ;  extreme  diTOrence,  0.028. 
In  five  experiments  the  nitrate  from  the  preceding  determi- 
nations was  converted  into  chloride,  by  means  of  chlorhy- 
dric  acid,  in  the  same  flask,  dried,  nised,  and  weiehed. 
Penny  could  detect  no  decomposition  in  fusion.  He  found 
100  Ag  =  182.8872  chloride ;  extreme  difference,  0.01.  In 
two  experiments  silver  was  dissolved  in  nitric  acid,  precipi- 
tated with  chlorhydric  acid,  evaporated  and  fused,  giving 
132.830  and  182.888.  The  mean  of  all  seven  experiments 
is  132.836.  Pennv  takes  182.887.  From  the  relations  of 
the  chlorides,  chlorates,  and  nitrates  of  potassium  and 
sodium.  Penny  had  determined  the  difference  between  the 
atomic  weights  of  a  chloride  and  a  nitrate  at  26.565.  This 
gives  the  molecular  weight  of  argentic  chloride  at  148.424 
and  Ag  =  107.97.  The  silver  used,  as  well  as  the  water 
and  the  acids,  were  cavefuUy  tested  for  impurities  and  a 
minute  amount  of  solid  residue  in  the  twice  distilled  water 
and  in  the  acids  was  allowed  for.  The  weighings  were  all 
reduced  to  vacuum.    {PhU.  Trans. y  1S9, 1889,  27.) 

C.  Marignao  :  108  (0-^  16) ;  675  (0  =  100). 

Silver  was  dissolved  in  nitric  acid  and  precipitated  with 
chlorhydric  acid.  One  experiment,  reduced  to  vacuum, 
gave  100  silver  =  182.74  chloride,  which  Mariguac  consid- 
ered confirmatory  of  Berzelius*  value,  182.75.  He  therefore 
adopted  the  latter  number.  100  potassic  chloride  were 
found  to  produce  192.26  argentic  chloride,  in  two  experi- 
ments, the  difference  between  which  was  0.01.  By  analysis, 
by  means  of  heat,  of  potassic  chlorate,  Mariguac  had  found 
the  molecular  weight  of  the  chloride  982.14,  these  relations 
give  the  molecular  weight  of  argentic  chloride  at  1792.18 
and  the  atomic  weight  of  silver  at  1850.  The  potassic 
chloride  was  prepared  by  heating  the  chlorate  and  cooling 
the  resulting  chloride  over  sulphuric  acid.  {Liebig's  Ann., 
Uy  1842,  28.) 
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0.  Marignao  :  107. 9SS  (0  =  16);  674.606  (0  =  100). 

Marignac  redetermlDed  the  relation  between  silver  and 
potassic  chloride  by  Pelouze's  method.  He  found  100  Ag 
=  69.062  ECl  in  six  experiments^  the  extreme  difference 
between  which  was  0.018.  In  five  experiments  he  found 
100  KCl  =  192.848  Ag;  extreme  difference  0.04.  He  also 
redetermined  the  composition  of  argentic  chloride.  The 
silver  was  dissolved  in  a  long-necked  flask  and  the  fumes 
passed  into  a  second  flask  containing  water.  Solution  being 
effected,  the  water  from  the  second  flask  was  added  to  the 
contents  of  the  first,  and  the  whole  precipitated  with  HCl. 
The  chloride  was  washed,  dried,  melted  and  weighed  in  the 
same  flask.  The  result  was  100  Ag  =  182.84  chloride ; 
extreme  difference  0.019.  Combination  of  these  data  with 
Marignac's  old  value  for  the  molecular  weight  of  ECl, 
932.14,  gives  Ag  =  1849.01.  All  weighings  reduced  to 
vacuum.  Berzelius  revised  the  result  by  throwing  out  one 
experiment  and  by  rejecting  the  correction  for  vacuum. 
He  thus  got  Ag  =  1349.66.  {Berzelius*  Jabresbericht^  iS^f 
58;  eSy  31 ;  Bibl.  Univ.  de  Qeahe,  4S,  1842,  850.) 

In  opposition  to  Prout's  hypothesis,  Marignac  cites  his 
analyses  of  argentic  acetate,  in  which  the  escaping  gases 
were  forced  to  pass  over  porous  silver.  They  gave  in  three 
experiments  64.664  silver  from  100  acetate;  extreme  dif- 
ference 0.005.  If  C  =  76,  this  gives  Ag  =  1849.6.  He 
also  found  100  Ag  =  157.455  nitrate.  [j&  F  =  87.5,  this 
gives  Ag  =  1348.88.]  He  also  found  100  Ag  =  49.556 
ammonium  chloride.  {Liebig*s  Ann.^  69 j  284;  BibL  Univ. 
de  Genkve,  1846.) 

LiBBiG  and  Bedtbnbacher  ;  Strbokbr  :  107. 90S  (O 
=  16) ;  674.895  (O  =  100). 

Strecker  recalculated  Liebig  and  Redtenbacher's  analyses 
of  argentic  acetate,  tartrate,  racemate  and  malate  by  the 
method  of  least  squares,  and  from  the  difference  in  the 
atomic  composition  of  these  salts.  He  obtained  for  Ag  the 
value  1848.79.  Vide  Carbon.     {Liebig's  Ann.,  69, 1846,  280.) 

E.  J.  Maumbn6  :   lOS.Oee  (0  =  16) ;   675.16   (0  = 
100).       ^ 

In  four  experiments  argentic  oxalate  was  mixed  with  sand 
in  a  flask  ana  decomposed  by  heat  in  a  current  of  air.     The 
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products  of  decomposition  were  passed  over  cupric  oxide, 
and  through  drying  tubes  and  potash  tubes.  In  five  experi- 
ments the  acetate  was  treated  in  the  same  way,  but  not 
mixed  with  sand.  The  mean  result  was  Ag  =  1860.82 ; 
extreme  difference  0.77.  Maumen6  found  it  very  difficult 
to  purify  the  oxalate,  which  showed  traces  of  nitric  acid 
after  100  washings.  (Annal.  de  Chim.  el  de  Phya.^  (8,)  18^ 
1846, 41.) 

J.  S.  Stab  :  107-98  (0  =  16). 

Thirteen  syntheses  of  argentic  iodide,  performed  by 
brining  hydroiodic  acid  in  contact  with  argentic  sulphate 
or  nitrate,  gave  100  Ag  =  117.5848  iodine.  Three  ansdyses 
of  argentic  iodate,  performed  by  decomposition  by  heat  in 
a  current  of  nitrogen  or  by  reduction  of  the  salt,  while  in 
suspension,  by  a  current  of  sulphurous  anhydride,  gave 
Agl  =  284.779.  Hence  Ag  =  107.928.  Four  syntheses  of 
the  bromide,  performed  by  bringing  hydrobromic  acid  in 
contact  with  argentic  sulphate,  gave  100  Ag  =  74.0806  Br. 
Two  analyses  of  argentic  bromate,  by  reduction  while  in 
suspension  with  sulphurous  anhydride,  gave  Aff  Br  = 
187.87.  Hence,  Ag  =  107.921.  Seven  syntheses  of  areen- 
tic  chloride,  three  of  them  by  combustion  of  silver  in  chlo- 
rine, three  by  precipitation  with  HCl,  and  one  by  precipita- 
tion with  ammonium  chloride,  gave  100  Ag  =  82.8446  CI. 
Stas  adopts  the  number  82.86  on  the  supposition  that  no 
excess  of  chlorine  was  possible.  The  chloride  was  fused. 
Two  analyses  of  the  chlorate,  accomplished  by  heat  or  by 
evaporifttion  with  chlorhydric  acid,  gave  Ag  CI  =  148.896. 
Hence  Ag  =  107.987.  Five  syntheses  of  the  sulphide,  per- 
formed by  heating  silver  in  a  current  of  sulphur  Vapor,  or 
of  hydrogen  sulphide,  gave  100  Aff  =  114.8622  argentic 
sulphide.  Six  analyses  of  the  sulphate  by  reduction  in  a 
current  of  hydrogen,  showed  that  100  sulphate  contained 
69.203  silver,  hence  Ag  =107.920,  [107.926  ?  vide  Sulphur.! 
From  analysis  of  potassium  chlorate,  Stas  had  determinea 
the  molecular  weight  of  KCl  at  74.69.  By  twenty-four 
determinations  he  found  100  Ag  =  69.108  KCl,  hence 
Ag  =  107.948.  The  silver  was  prepared  either  by  LevoFs 
method  or  by  decomposing  an  ammoniacal  solution  of 
argentic  nitrate  with  a  mixture  of  ammonium  sulphite  and 
a  copper  salt.  The  metal  was  heated  to  the  boiling  point 
until  the  sodium  line  disappeared  and  the  metallic  fumes 
were  a  pale  blue.  To  test  its  purity,  it  was  compared  with 
distilled  silver.     See  Stas's  determinations  of  CI,' Br,  I,  S, 
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# 

and  K.    All  weldings  reduced  to  vacuum.    {SiaSj  UrUer- 
such,  iiber  Chem.lProp.y  Letpzig^  1867.) 


SODIUM. 


The  specific  heat  of  sodium  has  been  determined  h 
nault  and  indicates  an  atomic  weight  of  about  28.  ( ^ 
Kraut y  I.  c.) 

H.  Davy;  F.  H.  Wollaston  :  eS.S8  (0  =  16) ;  146.5 
(O  =  100). 

Davy  found  that  184  CI  combine  with  88  Na  to  form 
sodium  chloride.  If  CI  =  441,  the  value  follows.  (PAiZ. 
Trans.,  m,  1814,  20.) 

J.  J.  Bbrzblius  :  28.161,.  (0  =  16). 

Berzelius  found  that  100  Na  CI  =  244.6  Ag  CI.  [If  Ag 
CI  =  143.887,  (Stas,)  the  value  follows.]  {Poggend.  Ann.,  *, 
1826,  189.) 

F.  Pbnkt  :  28.046  (0  =  16). 

Penny  made  four  experiments  on  the  conversion  of  the 
chlorate  into  the  chloride  by  means  of  HCl.  A  known 
weight  of  the  salt  was  dissolved  in  a  flask  in  the  acid  and 
evaporated,  dried  and  weighed  without  removal.  The 
sodium  chloride  was  not  fused.  The  mean  result  was  that 
100  chlorate  equals  54.980  chloride;  extreme  difference,  0.02. 
This  relation  rives  the  molecular  weight  of  the  chloride  at 
58.5.  Penny  had  found  the  atomic  weight  of  CI  =  85.454 ; 
hence  the  value  for  Na.  [If  CI  =  85.457  (Stas,)  Na  = 
23.048.  Stas  himself  found  28.048.]  The  sodium  chlorate 
was  prepared  by  precipitating  potassium  chlorate  with 
sodium  bitartrate,  and  purifying  the  sodium  chlorate  bv 
recrystallization.  The  weighings  are  for  vacuum.  (PM. 
Trans.,  1Z9, 1839,  25.) 

J.  Pblouzb:  S2.97  (0  =  16);  148.59  (0=100). 

A  known  weight  of  perfectly  pure  silver  was  dissolved 
in  nitric  acid,  and  brought  in  contact  with  a  known  and 
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slightly  excessive  weight  of  sodiam  chloride,  and  the  excess 
titrated  with  decimal  silver  solution.  The  mean  result  of 
three  experiments  was  that  100  Ag  =  61.141  Na  CI ;  ex- 
treme difference,  0.038.  The  value  follows  for  Ag  = 
1349.01 ;  CI  =  443.2.  The  sodium  chloride  was  prepared 
either  from  sodium  sulphate  and  barium  chloride,  or  from 
sodium  carbonate  and  chlorhydric  acid,  or  from  a  very  pure 
rock  salt  It  was  repeatedly  recrystallized  and  was  dried 
at  200''  or  melted.    {Paris  Gomptea  Bend.,  SO,  1846, 1047.) 

J.  Dumas  :  23.011  (0  =  16). 

Determined  from  the  mean  of  seven  experiments  on  the 
titration  of  sodium  chloride  with  argentic  nitrate ;  extreme 
difference,  0.09.  Ag  =  108 ;  CI  =  36.6  [Dumas  gives  the 
mean  as  23.014  instead  of  23.0114.1  For  five  experiments 
Na  CI  recrystallized  ten  times  and  melted  was  employed. 
For  two  experiments  (giving  an  average  of  23.086)  the 
residue  from  the  incineration  of  the  acetate  was  used  to 
prepare  Na  CI,  which  was  recrystallized  four  times  and 
melted.    {Annal.  de  Chim.  et  de  Phya.,  (3,)  66, 1869, 129.) 

J.  S.  Stab:  23.043(0  =  16). 

According  to  the  mean  of  10  determinations  100  Ag  := 
54.2078  Na  CI;  extreme  difference  0.0033.  The  sodium 
chloride  was  found  to  contain  a  minute  quantity  of  silicic 
acid  which  reduces  the  result  from  Na  =  28.049  to  23.046 
for  Ag  =  107.93 ;  CI  =  36.467.  According  to  the  mean  of 
five  determinations  100  Na  CI  =  146.4626  sodium  nitrate ; 
extreme  difference  0.026.  If  N  =  14.044  this  gives  Na  = 
23.046.  The  lowest  d^ermination  gives  Na  =  28.042.  The 
sodium  chloride  was  purified  by  recrystallization  and  in  part 
by  conversion  into  sodium  chloroplatinate.  The  weighings 
are  for  vacuum.  {Staa,  Vhterauck.  iiber  Chem.  Prop.,  Leip- 
zig, 1867.) 


STRONTIUM. 


Begnault  determined  the  specific  heat  of  strontium  chlo- 
ride. It  corresponds  to  an  atomic  weight  of  about  87.6. 
(OmeUnrKraut,  L  c.) 
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M.  H.  Klapboth  ;  P.  H.  Wollaston  :  94.4  (O  =  16) ; 
690  (0  =  100). 

Klaproth  found  42  Bulpburic  aahydride  =  58  strontium 
oxide ;  whence  the  value  for  8  =  200.  (PhU.  Trans.j  lOJ^ 
1814,  20.) 

P.  Strombybr;  87. S4,  (0  =  16);  646.929  (0  =  100). 

According  to  Berzelius,  Stromeyer  found  that  100  stron- 
tium chloride  =  181.26  argentic  chloride ;  whence  the  value, 
for  Ag  =  1849.66;  01  =  221.64.  {Berzdius'  Lehrbuch,  5, 
1229.)  In  OUberfs  Ann.,  6^  1816,  261,  Stromeyer'refers  to 
this  analysis  as  by  V.  Bose.  Stromeyer  himself  found  0.6 
grm.  carbonate  =  76.6394  c.  c.  carbon  di-oxide  [which 
gives  Sr  =  88.26  if  1000  c.  c.  carbon  di-oxide  weigh 
1.96483  grm.]  Stromeyer  calculated  Sr  =  662.28  for  0  = 
100. 

— .  Salvbtat  :  88  (O  =  16) ;  660  (0  =  100). 

Determined  from  the  loss  of  weight  of  strontium  carbo- 
nate by  calcination  and  on  driving  off  carbon  di-oxide  with 
sulphuric  acid.  Details  not  given.  {Paris  Camptes  JRend.^ 
17, 1848,  318.) 

J.  Pblouzb  :  87.68  (O  =  16) ;  648.02  (O  =  100). 

A  known  weight  of  perfectlv  pure  silver  was  brought  in 
contact  with  a  known  and  slightly  excessive  amount  of 
strontium  chloride  and  the  excess  titrated  with  decimal 
silver  solution.  The  number  is  the  mean  of  two  experi- 
ments; extreme  difference,  0.2.  •Ag  =  1849.01;  01  = 
443.2.  The  chloride  was  purified  by  recrystallization  and 
was  dried  at  200°  or  below  redness.  [Paris  Comptes  Bend., 
SO,  1047.) 

0.  Marignac  :  87.64  (0  =  16). 

Marignac  made  experiments  on  three  different  prepara- 
tions of  strontium  chloride,  (1,)  (2,)  (8.)  Compared  with 
silver  by  Pelouze's  method  it  was  found  that  ten  grammes 
strontium  chloride  =  (1)  8.108;  (2)8.099;  (8)  8.101  silver. 
The  same  strontium  chloride  converted  into  sulphate  gave 
(1)  6.887 ;  (2)  6.8866 ;  (8)  6.884  sulphate.  In  both  these 
series  of  experiments  tne  strontium  was  weighed  as  air- 
dried,  hydrous,  crystalline  chloride.     Oomparison  gives  Sr 


Digitized  by 


Google 


SULPHUR.  118 

=  {1)48.79;  (2)48.82;  (8)48.77.  In  each  experiment  of 
the  latter  series  the  water  was  determined  by  driving  it  off 
at  a  red  heat.  It  was  proved  that  the  chloride  does  not 
undergo  decomposition  at  this  temperature,  and  the  water 
contents  was  fonnd  to  vary  no  more  than  0.0005  of  the 
total  weight.  In  three  more  experiments  the  water  was 
determined,  and  the  anhydrous  salt  analysed  by  Pelouze's 
method  giving  (1)  48.77 ;  (2)  48.74 ;  (8)  48.76.  Ag  =  108 ; 
CI  =  85.5 ;  S  =  16.  The  chloride  was  prepared  (1^  from 
the  chemically  pure  chloride  of  commerce  by  precipitating 
barium  with  sulphuric  acid,  separation  of  lime  by  precipi- 
tation of  the  strontium  chloride  by  HCl  gas  and  washing 
with  chlorhydric  acid.  The  purity  was  tested  by  the  solu- 
bility of  a  portion  converted  into  sulphate.  The  chloride 
was  finally  redissolved  and  precipitated  with  alcohol.  (2) 
was  prepared  from  (1)  by  a  repetition  of  the  same  process. 
(3)  was  prepared  from  (2)  by  recrystallization.  {Bibt.  Univ.y 
Arch,  des  Sciences,  (2,)  i,  1868,  220.) 

J.  Dumas  :  87.52  (0  =  16). 

Determined  from  the  mean  of  six  experiments  on  the 
analysis  of  strontium  chloride  with  argentic  nitrate.  The 
extreme  difference  was  0.14,  01  =  85.5;  Ag  =  108.  The 
salt  was  purified  by  boiling  with  sulphuric  acid,  and  pre- 
cipitation with  and  recrystallization  from  chlorhydric  acid. 
These  processes  were  in  some  cases  several  times  repeated. 
The  pure  salt  was  fused  in  a  current  of  HCl  gas.  [Annal 
de  Chim.  et  de  Phya.,  (8,)  66 y  1859,  129.) 


SULPHUR. 


Deville  and  Troost  and  others  have  determined  the  den- 
sity of  sulphur  in  the*  gaseous  form.  It  corresponds  to  an 
atomic  weight  of  about  82.  The  specific  heat  of  sulphur 
also  agrees  moderately  well  with  this  value.  {Omelin-Krauty 
I  c.  ;  jL.  Meyer,  L  c.) 

J.  J.  Bbrzelius;   F.  H.  Wollaston:  SS  (0  =  16); 
200  (0=  100). 

According  to  Wollaston,  Berzelius  found  that  plumbic 
sulphide  was  composed  of  86.64  lead  and  18.36  S.    Hence 
the  value,  for  lead  =  1295.     {Phil.  TVans.,  104, 1814,  20.) 
8 
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J.  J.  Bbbzblius  :  S^.19  (O  =  16)  201.165  (O  =  100). 

A  known  weight  of  lead  was  dieboived  in  pure  nitric  acid, 
precipitated  witn  sulpharic  acid  and  evaporated.  The  mean 
result  of  four  experiments  was  that  100  Pb  =  146.44  sul- 
phate. The  variation  was  only  in  the  fifth  figure.  If  lead 
=  1294.498  the  value  follows.  [If  this  relation  is  recalcula- 
ted with  Stas's  atomic  weight  of  lead,  S  =  32.096.]  (Poggmi, 
Ann.  <?,  1826, 16.) 

E.  TuBNBR :  32.17  (O  =  16). 

Determined  from  syntheses  of  plumbic  and  baric  sul- 
phates. The  former  gave  16.083,  the  latter,  16.087.  Ba== 
68.7,  Pb  =  103.6.  The  numbers  are  for  vacuum.  Vide 
Barium  and  Lead.     {Phil.  Trans.,  ms,  1833,  539.) 

T.  Thomson:  S2  (0  =  16);  200  (0  =  100). 

This  chemist  found  the  specific  gravity  of  sulphurous 
acid  in  mean  of  two  experiments,  2.22216,  almost  exactly 
double  1.1111  which  he  takes  (on  utterly  untenable  grounds) 
for  the  specific  gravity  of  oxygen.  {mrdmanrCa  Joum.  fiir 
Prak.  Chem.j  8,  1836,  370;  Becords  of  General  Science  by  B. 
D.  Thomson,  1836, 179.) 

Erdmann  and  Mabchand  :  SS.OO4  (O  =  16) ;  200.026 
(0  =  100). 

Determined  by  four  experiments  on  the  decomposition  of 
mercuric  sulphide  by  copper,  in  a  current  of  carbon  di- 
oxide, the  mercury  being  caught  in  a  cold  receiver.  The 
mean  composition  was  found  to  be  for  vacuum  86.211  mer- 
cury and  18.789  sulphur,  extreme  difference,  0.017  Hg.  If 
Hg  =:  1250.6,  the  value  follows.  In  purifying  the  sulphide 
it  was  first  heated  to  drive  off^  excess  of  sulphur  and  then 
sublimed  three  times,  the  first  and  last  portions  of  the  sub- 
limate being  rejected.  (Erdmann^s  Joum.  fiir  Prak.  Cheni.^ 
SI,  1844,  396.) 

J.  J.  Bbbzblius  :  S^.ie  (O  =  16) ;  200.75  (O  =  100). 

Berzelius'  former  value,  201.165,  is  changed  by  the  new 
value  for  lead,  1294.645  to  200.8017.  Thxee  new  experi- 
ments were  made  by  gently  heating  argentic  chloride  in  a 
current  of  hydrogen  disulphide.  xhe^mean  of  three  ex- 
periments gives  8  =:  200.706;  extreme  difference  0.11.  CI 
=  443.38,  Aff  =  1349.66.  {BerzeUus'  Jahresbericht,  26, 1846, 
87,  and  Lehrbuch,  3, 1185.) 
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H.  Stkuvb:  32.002  (0=^16). 

Determined  by  six  experiments  on  the  redaction  of  a 
known  weight  of  argentic  sulphate  in  a  current  of  hydro- 
gen. The  number  is  the  mean ;  extreme  difference,  0.146. 
Ag  =  108.  The  sulphate  was  prepared  by  precipitating 
the  nitrate  with  an  excess  of  sulphuric  acid,  and  drying  at 
a  high  temperature.  (Liebifs  Ann,y  80 y  1851,  203;  Berze- 
lius'  Jahresberichty  SO,  20.) 

J.  Dumas  :  32.0196  (0  =  16). 

Determined  by  five  experiments  on  the  combustion  of 
silver  in  sulphur  vapor.  The  number  is  the  mean;  ex- 
treme difference,  0.054.  Ag  =  108.  The  sulphur  was 
puriiied  by  repeated  distillation.  The  silver  was  heated  to 
redness  in  a  current  of  sulphur  vapor,  the  excess  of  sulphur 
being  afterwards  distilled  off  in  a  current  of  carbon  di-oxide. 
{Annal.  de  CMm.  et  de  Phys.,  (3,)  55,  1859,  147.) 

J.  8.  Stab  :  32.0742  [?]  (0  =  16). 

According  to  the  mean  of  six  analyses  of  argentic  sul- 
phate by  decomposition  in  a  current  of  hydrogen  at  as  low 
a  temperature  as  possible,  100  sulphate  yield  69.203  [more 
exactly  69.20317]  silver;  extreme  difference,  0.012.  Five 
syntheses  of  the  sulphide,  performed  by  heating  silver  in  a 
current  of  sulphur  vapor  or  hydrogen  disulphide,  showed 
that  100  silver  =  114.8522  sulphide ;  extreme  difference, 
0.005.  By  comparing  these  figures,  which  are  for  vacuum, 
Stas  deduces  S  =  32.0742 ;  Ag  =  107.920.  [There  seems 
to  be  a  trifling  error  in  this  calculation.  The  weighings 
seem  to  be  correct,  for  the  means  correspond  to  the  de- 
tails given.  As  given,  the  numbers  indicate  S  =  32.058 ; 
Ag  =  107.926.  The  latter  is  almost  identical  with  Stas's 
mean  value,  107.930.]  The  sulphate  was  prepared  by  the 
action  of  sulphuric  acid  on  argentic  nitrate,  or  by  solution 
of  silver  in  sulphuric  acid.  The  salt  was  heated  above  the 
boiling  point  of  sulphuric  acid.  {Stas,  [Inters,  iiber  Chem. 
Prop.^  Ijcipzigy  1867.) 
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TANTALIUM. 

Deville  and  Troost  have  determined  the  vapor  density  of 
tantalium  chloride.  It  agrees  with  an  atomic  weight  of 
182.    {Paris  Gomptes  Rend.,  64, 1867,  294.) 

J.  J.  Bbbzelius  :  167.74  (P  =  16). 

Berzelius  decomposed  the  sulphide  in  dry  chlorine  gas 
and  decomposed  the  resulting  chloride  with  water.  99.75 
parts  sulphide  yielded  89.36  tantalic  acid.  On  the  suppo- 
sition that  the  acid  contains  three  atom's  of  oxygen  Berze- 
lius calculates  the  atomic  weight  at  1148.J366  for  8  =  200.75. 
pf  the  acid  contains  five  atoms  of  oxygen  the  value  becomes 
167.74.]  (Poggend.  Ann.,  ^  1826,  14,  and  Lehrbvuchj  5, 
1209.) 

Rose  denies  that  the  sulphide  formed,  as  Berzelius  pre- 
pared it,  by  heating  tantalium  in  carbon  disulphide  vapor 
IS  a  constant  compound.  {Poggend.  Ann.,  99,  680.)  Marig- 
nac,  however,  shows  that  Berzelius,  Rose  and  Hermann, 
obtained  constant  results  from  its  analysis,  from  89.50  to 
90  acid  from  100  sulphide.  If  Ta  =  182,  the  sulphide 
would  give  90.24  acid.    {lAebig's  Ann.,  S,  4, 1866, 368.) 

H.  RosB :  17e  (O  =  16). 

Out  of  twelve  analyses  of  the  chloride,  in  which  both 
the  chlorine  and  the  tantalic  acid  were  determined.  Rose 
selected  two  in  which  the  agreement  was  best.  [These 
analyses  calculated  for  Ag  =  107.93,  01  =  86.457,  give  Ta 
=  171.96.]  The  chloride  was  prepared  from  tantalic  acid 
especi^l^  freed  from  tungsten  and  tin  hj  mixing  with  car- 
bon, drying  in  carbon  di-oxide,  and  heating  in  a  current  of 
chlorine  in  which  the  salt  was  allowed  to  cool.  Excess  of . 
chlorine  was  expelled  by  dry  air,  and  the  salt  was  hermeti- 
cally sealed  in  glass.  Kose  supposed  the  acid  to  contain 
two  atoms  of  oxygen  and  therefore  deduces  the  value  859.81 
(0  =  100).    {Poggend.  Ann.,  99, 1866,  76.) 

Marignac  seems  to  prove  that  the  material  with  which 
Rose  dealt  contained  niobium.  He  states  that  the  chlorides 
of  the  two  elements  cannot  be  separated  from  one  another, 
and  that  there  are  no  characteristics  by  which  their  purity 
can  be  decided.    {Idebifs  Ann.,  S,  4y  1866,  862.) 
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B.  Hermann  : 

Hermann  made  many  analyses  of  tantalium  salts  to 
which,  however,  he  a&cribcs  qnito  incomprehensible  for- 
mnlas.  Marignac  has  shown  that  his  methods  were  utterly 
inadequate  to  produce  pure  preparations.  He  assumes  two 
atoms  of  tantalium  and  three  atoms  of  oxygen  in  the  acid 
and  gives  the  atomic  weight  as  645.  (0  =  100.)  {Erd- 
mama  Joum.fur  Prak.  CMm.^  70 ^  1857, 193.) 

C.  Marignac  :  182  (0  =  16). 

Berzelius',  Rose's  and  Marignac^s  analyses  of  the  double 
fluoride  of  tantalium  and  potassium  show  that  the  fluorine 
is  combined  with  Ta  and  potassium  in  proportions  of  two 
to  five.  The  salt  has  also  exactly  the  crystal  form  of  the 
niobium  salt.  Hence  the  acid  is  a  ditantalic  pentoxide. 
Four  experiments  were  made  on  this  salt  by  drying  at 
100^,  moistening  with  sulphuric  acid  and  heating  grad- 
ually till  the  excess  of  acid  was  driven  off.  The  potassic 
snlphate  was  leached  out,  evaporated,  melted  and  weighed, 
and  the  tantalic  acid  heated  to  redness  and  weighed.  The 
mean  potassic  sulphate  contents  was  found  to  be  44.29  per 
cent;  extreme  difference,  0.15.  The  mean  amount  of  tan- 
talic acid  obtained  was  56.59 ;  extreme  difference,  0.25.  If 
E  =  89,  these  data  give  Ta  =  182.8.  Four  analyses  were 
also  made  of  the  ammonium  salt.  This  contained  traces 
of  potassium  which  were  determined  and  allowed  for  in 
each  case.  The  mean  amount  of  tantalic  acid  obtained  was 
66.25  per  cent;  extreme  difference,  0.84.  This  gives  Ta  = 
182,  the  number  which  Marignac  adopts.  The  salts  were 
obtained  by  dissolving  tantalic  acid,  which  had  not  been 
heated  to  redness,  in  fluohydric  acid,  adding  potassic  or 
ammonic  hydrate  and  purifying  by  recrystallization.  These 
salts  are  much  less  soluble  than  the  corresponding  niobium 
and  titanium  salts.    (Liebig^a  Ann,^  S.  4, 1866,  2jS.) 


TELLURIUM. 


Regnault  and  Kopp  have  each  determined  the  specific 
heat  of  tellurium  and  found  it  in  accord  with  an  atomic 
weight  of  about  128.     {Gmelin-Krauty  I.  c) 
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J.  J.  Berzblius  1S9.03  (0  =  16) ;   806.452  (O  = 
100). 

A  known  weight  of  metallic  tellurium  was  oxidized  with 
nitric  acid,  the  excess  of  acid  being  driven  off  by  heat.  It 
was  found  that  100  Te  gave  124.8  tellurious  acid.  {Poggend. 
Am.y  5, 1826,  24.) 

J.  J.  Berzblius  :  1S8.S8  (O  =  16) ;  801.76  (O  = 
100). 

Determined  as  before  but  with  purer  material.  Three 
expenments  were  made,  which  gave  802.838, 801.786, 801.74. 
Berzelius  took  the  mean  of  the  latter  two.  The  tellurium 
was  prepared  from  tetradymite  by  heating  with  potassium 
carbonate  and  olive  oil  in  a  closed  crucible,  dissolving  the 
potassium  telluride  so  formed  in  water  free  from  air,  pre- 
cipitating the  tellurium  by  a  current  of  air  and  distilling  it 
in  a  current  of  hydrogen.     {Poggend.  Anru^  SiS^  1834, 16.) 

K.  voN  Haubr  :  128.06  (  0  =  16). 

Determined  from  the  mean  of  five  experiments  on  the 
precipitation  of  bromine  with  argentic  nitrate  from  the 
double  bromide  of  potassium  and  tellurium.  The  bromine 
contents  was  found  to  be  69.9286  per  cent.,  for  Ag  =  108.1 ; 
Br  =  80;  extreme  difference  0.172.  If  K  =  39.2,  the 
value  follows.  The  salt  was  prepared  by  mixing  tellurium 
and  potassic  bromide  in  atomic  proportions,  adding  water 
and  Dromine,  heating  to  drive  off  excess  of  bromine  and 
repeated  recrystallization.  {JSrdmann^a  Jowm.  fur  Prak. 
Chem,,  7Sy  1858,  98;  Sitz-Bericht  der  k.  k.  Acad.) 

J.  Dumas  :  129  (0  =  16). 

No  details  are  given.  {Anncd,  de  Chim.  ei  de  Phys.y  (8,) 
65, 1869, 129.) 


THALLIUM. 


Regnault  determined  the  specific  heat  of  thallium.     It 
agrees  with  an  atomic  weight  of  204.    {Omelin-Kraut,  L  c.) 

A.  Lamy  :  204  (0  =  16). 
Three  analyses  of  the  chloride  with  argentic  nitrate  gave 
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a  mean  of  204 ;  extreme  difference  1.2.  An  experiment  on 
the  precipitation  of  the  sulphate  with  barium  nitrate  gave 
204.3.  [The  atomic  weights  used  were  probably  those  ac- 
cepted by  Dumas.]  The  salts  were  purined  by  recrystalli- 
zation.    {Annal.  de  Chim.  et  de  Phys.,  (3,)  67, 1863,  411.) 

W.  Cbookbs  :  202.96  (0  =  16). 

« These  determinations  were  made  from  the  sulphate,  which 
was  prepared  with  great  care.  By  decomposing  the  sulphate 
with  potassic  iodide  and  weighing  the  thallic  iodide  formed, 
the  atomic  weight  was  found  at  202.73 ;  by  precipitation 
with  barium  nitrate,  203.56;  with  chlorhydric  acid  and 
alcohol,  thallic  chloride  being  weighed,  201.85;  from  the 
amount  of  sulphate  produced  from  a  known  weight  of  metal, 
203.1 ;  by  precipitation  with  platinum  chloride,  203.56.  The 
values  taken  for  CI,  I,  etc.,  are  not  given ;  [they  were  prob- 
ably those  accepted  by  Dumas.]  (Erdmann's  Joum.  filr 
Prak.  Chem.,  SS,  1864,  277 ;   Chem.  News.) 

H.  Wbrthbr  :  204  (O  =  16). 

la  five  experiments  Werther  decomposed  thallic  iodide 
with  potassic  hydrate  and  zinc,  both  perfectly  pure,  and 
precipitated  the  iodine  with  silver.  The  mean  result  of 
these  experiments  was  Tl  =  204.4 ;  extreme  difference  1.7. 
[The  value  assumed  for  I  is  not  stated.  One  experiment, 
which  gave  exactly  204,  according  to  Werther,  recalculated 
for  Ag  =  107.93 ;  I  =  126.85  gives  Tl  =  203.63.]  Three 
experiments  wer6  made  by  decomposing  the  iodide  with 
aramoniacal  solution  of  argentic  nitrate  and  weighing^  the 
argentic  iodide  formed.  These  determinations  gave  Tl  = 
203.47;  extreme  difference  0.3.  The  preparation  of  the 
iodide  is  not  given.  (ErdmanrC s  Joum.  fur  Prak.  Chem.,  92 j 
1864, 136.) 

M.  Hebberling  :  203.94  (O  =  16), 

Hebberling  made  three  experiments  on  the  sulphate  bv 
precipitation  with  barium  chloride,  which  gave  in  mean  11 
=  204.13 ;  extreme  difference  0.2.  He  also  made  two  ex- 
periments on  the  chloride  by  precipitation  with  argentic 
nitrate.  These  gave  203.8  and  203.5.  The  atomic  weights 
assumed  are  not  stated.  [If  Ag  =  107.93 ;  CI  =  35.457  ; 
the  first  analysis  of  the  chloride  gives  Tl  =  203.44.  The 
data  for  the  second  analysis  are  misprinted.  If  a  probable 
correction  of  a  single  figure  is  maae,  the  data  give  Tl  = 
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208.026.]      The  salts  were  purified  by  recrystallization. 
{Lkbig's  Ann.,  134,  18'65, 11.) 

.  W.  Crookes  :  W4^166  (0  =  16). 

Determined  b^  experiments  on  the  solution  of  metallic  thal- 
lium in  nitric  acid  and  evaporation  to  dryness.  The  number 
is  the  mean  of  ten  experiments ;  extreme  difference,  0.088. 
The  balance  stood  in  a  partial  vacuum,  and  the  weighings 
were  made  at  two  different  pressures  and  calculated  for 
vacuum.  Very  elaborate  precautions  were  taken  through- 
out. Crookes  also  mentions  determinations  made  with 
barium  nitrate,  but  gives  no  data.  The  thallium  was  pre- 
pared in  seven  different  lots  by  the  reduction  of  as  many 
different  saljbs  which  had  been  purified  by  recrystallization 
&c.  The  metal  was  fused  in  lime.  The  reagents  were  ex- 
pecially  prepared  by  methods  similar  to  those  of  Stas. 
Crookes  took  N  =  14.009,  0  =  16.96,  and  calculated  for  Tl 
the  value  208.642.  [If  O  =  16,  the  value  becomes  204.155.] 
{PhU.  Trans.,  163, 1873,  277.) 


THORIUM. 


Prom  the  isomorphism  existing  between  thorium,  tin^ 
and  titanium,  and  from  the  similarity  of  thorium  to  zir- 
conium, Delafontaine  and  Marignac  believe  the  oxide  to 
contain  two  atoms  of  oxygen.  {lAebig^s  Ann.,  131,  100.) 
Neither  the  specific  heat  of  this  element  nor  the  vapor 
density  of  any  of  its  compounds  has  been  determined  so 
fitr  as  I  know. 

J.  J.  Bebzblius;  eS8  CO  =  16);  1887.72  (0  =  100). 

From  the  sulphate,  precipitated  by  heating  a  solution  of 
the  salt  and  redissolved  in  cold  water,  Berzelius  got  the 
values  748.493  and  786.718  by  precipitating  with  barium 
chloride.  He  also  analysed  the  double  sulphate  of  potas- 
sium and  thorium.  From  the  relation  between  the  sul- 
phuric acid  and  the  thorium  oxide  found,  the  atomic  weight 
would  seem  to  be  750.68,  while  the  relation  between  the 
potassic  sulphate  obtained,  and  the  amount  of  oxide  gives 
740.6.  These  numbers  are  calculated  on  the  supposition 
that  the  oxide  contains  a  single  atom  of  oxygen.    Ba  = 
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855.29,  S  =  200.76,  K  =  488.866.    {Poggend.  Ann.,  16, 1829, 
898,  and  Lekrbuch,  S,  1224.) 

J.  J.  Chtdbnius  :  236.64  (0  =  16). 

This  chemist  analysed  the  sulphate,  the  double  sulphate 
of  potassium  and  thorium,  the  oxalate,  the  acetate  and  the 
formate,  getting  results  which  vary  from  228.62  to  248.76. 
He  averages  with  his  own  results  analyses  made  by  Ber- 
zelius  and  by  Berlin,  which,  however,  alter  the  result  in- 
appreciably. According  to  Delafontaine,  the  methods 
employed  for  purification  are  inefifectual.  Chydenius 
assumes  a  single  atom  of  oxygen  in  the  oxide.  {Poggend. 
Arm.,  119, 1868,  65.) 

N.  J.  Berlin:  231.64  (0  =  16). 

Chydenius  reports  two  analyses  of  the  oxalate  by  Berlin 
which  gave  for  thorium  67.87  and  57.96,  or  281.48  and 
231.80.    {Pogpend.  Ann.,  119, 1863,  56.) 

M.  Delafontaine  :  281.6  (0  =  16). 

Determined  from  analyses  of  the  sulphate.  Fourteen 
experiments  on  the  decomposition  of  this  salt,  by  the  heat 
of  a  strong  double-draught  lamp,  gave  a  mean  of  62.61  per 
cent  oxide ;  extreme  difference,  0.83.  In  three  experiments 
the  sulphur  contents  of  the  salt  was  determined  bv  precipi- 
taldoo  with  barium  chloride  after  the  sulphate  had  been 
decomposed  with  ammonium  oxalate.  The  mean  amount 
of  sulphuric  anhydride  so  found  was  81.92  per  cent.;  ex- 
treme difference,  0.78.  Three  experiments  on  the  water 
contents  gave  16.68  per  cent ; '  extreme  difference,  0.21. 
The  sum  of  these  means  is  100.11.  The  value  of  thorium 
was  calculated  from  the  relation  of  the  oxide  to  the  sul- 
phuric anhydride  for  8  =  32,  Ba  =  137.  The  salt  was  pre- 
pared from  thorite  and  from  orangite  by  decomposition 
with  sulphuric  acid  and  recrystallization  of  the  sulphate 
with  the  help  of  heat.  The  purification  was  contmued 
until  the  crystals  and  the  mother  liquor  had  exactly  the 
same  composition.  Marignac  assisted  at  this  investigation. 
{Lidng's  Ann.,  131, 1864, 100.) 

P.  T.  Clbvb  :  283.88  (0  =  16). 

Cleve  made  six  analyses  of  the  anhydrous  sulphate,  get- 
ting in  mean  Th  =  283.8 ;  extreme  difference,  1.86.    From 
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analyses  of  the  oxalate  he  got  233.97 ;  extreme  differeDce, 
0.6.  (Kopp's  Jahresbericht,  1874,  261;  BuU,  Soc.  (Mm., 
(2,)«i,116.) 


TIN. 

Regnault  and  Kopp  have  each  determined  the  specific 
heat  of  tin.  It  agrees  with  an  atomic  weight  of  about  118. 
Dumas,  Cahours  and  others  have  determined  the  vapor 
density  of  volatile  tin  compounds  with  a  similar  result. 
{QmeUn-Kraut,  I  c;  L,  Meyer ^  l.  c.) 

J.  J.  Bbrzblius;    117.64^7  {0  =  16);  735.294(0  = 
100). 

Berzelius  determined  this  value  by  oxidizing  pnre  tin  foil 
by  means  of  nitric  acid  and  weiring  the  oxide.  He  found 
100  tin  =  127.2  stannic  acid.    (Poggend.  Ann. ^8, 1826, 184.) 

G.  J.  Mulder:  116.112  (0  =  16);  725.7  (0  =  100). 

Two  experiments  were  made  by  oxidizing  tin  with  nitric 
acid,  evaporating,  drying,  and  heating  to  redness.  They 
gave  each  100  tin  =  127.56  stannic  acid ;  whence  the  value. 
All  possible  precautions  are  said  to  have  been  taken.  The 
metal  was  prepared  by  the  reduction  of  pure  oxide  with 
soot  and  a  flux,  {tkdmxmn^s  Joum,  fur  Ptak.  Chem.^  48 j 
1849,  35 ;  Scheikundige  Onderzoek.,  6.   Ded^  260.) 

C.  L.  Vlaanderen  :  about  118.  (0  =  16). 

Determined  from  experiments  on  the  oxidation  and  re- 
duction of  tin  and  stannic  acid  in  vessels  of  various  ma- 
terials. The  experiments  regarded  as  the  most  accurate 
were  made  on  the  reduction  of  the  acid  in  a  current  of 
hydrogen  in  porcelain  vessels.  The  acid  had  been  heated 
in  platinum.  These  experiments  gave  59.04  and  59.12. 
Stannic  acid  heated  in  glass  or  porcelain  was  found  to 
retain  nitric  acid.  (Kopp^s  Jahresberichty  11^  1858,  188; 
Mulder f  Scheikundige  verh.  en  Onderzoek.y  2.  Deely  160.) 

J.  Dumas:  118.08  (0  =  16). 

Two  experiments  were  made  on  the  oxidation  of  pure 
tin  by  nitric  acid.     The  stannic  acid  being  heated  white 
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hot  in  platinum  vessels  gave  for  the  atomic  weight  59.1 
and  58.96.  The  tin  employed  was  prepared  from  pure 
chloride.  Two  experiments  'on  the  titration  of  the  chlo- 
ride with  argentic  nitrate  gave  59.06  and  59.03.  Ag  = 
108,  CI  =  35.5.  {Annal.  de  Chim.  et  de  Phys.,  (8,)  66, 1859, 
156.) 


TITANIUM. 


The  specific  heat  of  titanic  acid  has  been  determined  by 
Begnauft  and  by  Kopp,  and  indicates  an  atomic  weight  of 
about  50.  Dumas  determined  the  vapor  density  of  the 
tetrachloride  at  6.836.  [If  the  molecular  weight  of  0  = 
82,  and  if  CI  =  35.457,  this  gives  Ti  =  56.025.]  {Chnelin- 
Kraut,  L  c,  and  Foggend.  Ann.,  9, 1827,  441.) 

H.  RosB :  61.17  (0  =  16). 

Determined  by  roasting  titanium  sulphide  and  weighing 
the  titanic  acid  formed.  The  highest  result  obtained  was 
1.017  sulphide  from  0.757  acid.  This  result  Rose  adopted  on 
the  supposition  that  an  excess  was  impossible.  For  8  := 
201.16  these  data  give  Ti  =  6S.S6  (0  =  16);  389.1  (0  = 
100.)  [If  8  =  32,  Ti  =  61.17.]  The  sulphide  was  prepared 
by  heating  titanic  acid  in  a  current  of  carbon  disulphide. 
(GUherVa  Ann.,  73, 1823, 135.) 

Rose  subsequently  expressed  the  opinion  that  the  sulphide 
employed  in  this  analysis  was  impure,  and  contained  unde- 
composed  titanic  acid,  but  afterwards  came  to  the  conclu- 
sion that  it  was  perfectly  pure,  accounting  for  the  variation 
of  the  results  from  those  he  obtained  later  by  the  theory 
that  the  sulphide  and  the  oxide  of  this  element,  like  those 
of  tantalium,  were  entirely  dissimilar  compounds.  Mari^- 
nac  has  shown  that  tantalium  sulphide  is  of  normal  consti- 
tution.   {Poggend.  Ann.,  99, 1856,  576.) 

H.  Rose:  48.28  (0  =  16). 

Titanium  chloride  was  decomposed  with  water,  titanic 
acid  precipitated  by  ammonic  hydrate,  and  the  chlorine 
precipitated  from  the  filtrate  with  argentic  nitrate.  Taking 
Ag  =  1351.607,  CI  =  221.325 ;  Rose  calculated  the  chlorine 
contents  in  four  experiments  at  from  74.43  to  74.53  per 
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cent ;  mean  74.46  and  Ti  at  303.686.  According  to  Gmelin- 
Kraut,  these  analyses  recalculated  for  Stasis  viQues  give  Ti 
=  48.28.  The  chloride  was  prepared  by  the  action  of  chlo- 
rine on  a  mixture  of  titanic  acid  and  carbon,  and  was  recti- 
fied four  or  five  times  over  potassium  and  mercury.  It  was 
clear  and  developed  no  chlorine  on  decomposition  with 
water.    {Poggend.  An7i.y  16^  1829, 145.) 

• 

C.  a  Mosandbe:  47.33  (0  =  16);  295.81  (0  =  100). 

Mosander  determined  the  oxygen  contents  of  titanic  acid 
at  from  39.83  to  40.82  per  cent. ;  mean  40.427.  Mosander 
never  described  the  method  of  analysis.  [The  oxygen  con- 
tents was  probably  determined  from  the  chloride,  for  the 
above  data  give  Ti  =  294.7,  while  Berzelius  records  the  de- 
termination as  having  given  296.81.]  {Poggend.  Ann.j  19, 
1880,  212,  and  Berzelius'  Lehrbuch^  3, 1211.) 

J.  PiEREB  :  60.36  (O  =  16). 

Determined  by  three  experiments  on  the  titration  of  the 
chloride  with  argentic  nitrate  by  Pelouze's  method.  Pierre 
does  not  give  the  values  taken  for  CI  and  Ag.  He  calcu- 
lates the  atomic  weight  of  Ti  at  314.69.  [If  Ag  =  107.98, 
01  =  85.457;  his  data  give  Ti  =  314.75  (0  =  100);  50.36 
(0  =  16),  with  an  extreme  difference  in  the  latter  case  of 
0.08.]  He  made  two  other  determinations  giving  lower 
results,  but  it  was  found  that  the  chloride  employed  was 
slightly  decomposed  by  contact  with  air.  The  chloride 
.was  prepared  from  artificial  titanic  acid  which  was  free 
from  iron,  and  was  further  purified  by  fractional  distilla- 
tion.   {Annal.  de  Chim.  et  de  Phys.,  (3,)i?0, 1847, 257.) 

A.  Demoly  :  66.6 W  (0  =  16). 

Determined  by  experiments  on  the  tetrachloride.  The 
salt  was  decomposed  with  water,  the  titanic  acid  precipi- 
tated by  ammonic  hydrate,  and  the  chlorine  precipitated  in 
the  filtrate,  after  the  excess  of  ammonic  hydrate  had  been 
volatilized  and  the  solution  acidified.  Both  precipitates 
were  weighed.  Demoly  calculates  the  atomic  weight  of  Ti 
at  350,  without  mentioning  what  values  he  accepted  for 
silver  and  chlorine.  [If  Ag  =  107.93,  01  =  35.457 ;  the 
atomic  weight,  calculated  from  the  argentic  chloride,  is 
853.2  (O  =  100) ;  or  56.512  (0  =  16),  with  an  extreme  differ- 
ence  in  the  three  experiments  of  0.88  for  0  =  16.]  The 
chloride  was  pi^epared  from  rutile  by  preliminary  conver- 
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sion  into  nitride,  Ac.  It  was  purified  by  rectification  over 
mercury  and  potassium.  (Liebig^s  Ann.j  7i,  218 ;  Laurent 
and  Gerhardty  Oompies  Bend.j  1849,  325.) 


TUNGSTEN. 


Regnault  has  determined  the  specific  heat  of  tungsten, 
and  Roscoe  the  vapor  density  of  the  chloride.  These  e3{- 
periments  place  the  atomic  weight  of  tungsten  at  about  184. 
(GmeUn-Krautj  L  c;  L.  Meyer j  I.  c.) 

J.  J.  Berzelius  :  189M  (O  =  16) ;   1188.355  (0  = 
100). 

A  weighed  quantity  of  tungstic  acid  was  reduced  in  a 
current  of  hydrogen,  again  weighed,  then  re-oxidized  and 
reweighed.  The  number  is  the  mean  result  of  the  two 
operations.  The  number  is  given  in  Berzelius'  Lehrbuch 
as  1188.36  with  the  data,  which  are  also  given  in  Poggend. 
Ann,^  8 J  23.  It  is  pointed  out  in  Oraham-OUo  that  this 
value  must  be  misprinted,  an  observation  which  I  have 
verified.     {Poggend.  Ann.y  4-^  1825,  152.) 

Berzelius  made  an  earlier  determination  than  the  fore- 
going by  the  oxidation  of  the  sulphide,  getting  1207.  He 
points  out  the  source  of  error  in  this  experiment  arising 
from  the  formation  of  irreducible  sulphate.  {BerzeUus' 
Jakresberichi,  5, 1825,  121.) 

R.  Schneider:  184.12(0  =  16);  1150.78(0=100). 

Schneider  made  five  experiments  on  the  reduction  of 
tungstic  acid  with  hydrogen  in  a  porcelain  tube  heated  by 
a  charcoal  fire.  These  analyses  gave  the  me.an  contents  of 
the  acid  at  79.316  tungsten  per  hundred ;  extreme  difier- 
ence,  0.096.  This  composition  corresponds  to  an  atomic 
weight  of  1150.39.  He  also  made  three  experiments  on 
the  combustion  of  tungsten,  getting  a  mean  of  79.827 
tungsten  per  100  acid;  extreme  difference,  0.005,  or  an 
atomic  weight  of  1151.17.  The  value  taken  is  the  mean. 
The  tungstic  acid  was  prepared  b^  decomposing  ammonio- 
tungstic  sulphide  with  chlorhydnc  acid,  washing  the  pre- 
cipitate with  acid,  solution  in  ammonia,  reprecipitation  with 
chlorhvdric  acid,  and  so  on  until  a  perfectly  pure  product 
was  obtained.      The  tungstic  acid  was  finally  dried  and 
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heated  to  redness.     {Erdmann^s  Joum.  fur  Ptak.  Chem.,  60 j 
1850, 163.) 

R.  F.  Mabchanb  :  18i.l  (O  =  16) ;  1150.6  (O  =  100). 

Determined  from  two  experiments  on  the  reduction  of 
tungstic  acid  in  a  current  of  hydrogen,  and  two  experiments 
on  the  combustion  of  tungsten.  These  determinations 
were  made  in  the  same  manner  as  and  at  the  same  time 
with  Schneider*s.  The  extreme  difference  was  3.5  for  O  = 
100.    {Liebifs  Ann.,  77, 1851,  263.) 

J.  B.  VON  Borck:  183,816  (0  =  16);  1148.85  (O  = 
100). 

Determined  by  seven  experiments  on  the  reduction  of 
tungstic  acid  at  a  white  heat  by  hydrogen,  and  by  two  ex- 
periments on  the  combustion  of  tungsten.  The  number  is 
the  mean ;  extreme  difference,  10.38  for  O  =  100.  The 
tungstic  acid  was  prepared  from  Wolframite  by  fusing  the 
mineral  with  potassium  cafbonate,  solution  in  water  con- 
taining alcohol,  precipitation  with  calcic  chloride  and  de- 
composition of  the  calcic  tungstate  with  chlorhydric  acid. 
The  tungstic  acid  so  produced  was  converted  into  ammonium 
salt  which,  on  decomposition,  yields  a  compound  free  from 
iron  and  manganese.  (Erdmann^s  Joum.  fiir  Ptak.  Chem.y 
64, 1851,  254.) 

A.  Richb:  174  (0  =  16). 

This  value  was  reached  bv  five  determinations  of  the 
amount  of  water  produced  by  the  reduction  of  tungstic 
acid  in  a  current  of  hydrogen,  which  gave  a  mean  of  87.07 ; 
extreme  difference,  1.78.  The  tungstic  acid  was  obtained 
by  heating  the  ammonium  salt,  or  by  the  decomposition  of 
the  oxychloride  produced  by  heating  tungstic  acid  and 
carbon  in  a  current  of  chlorine.  {Annul,  de  Chim.  et  de 
Phys.,  (3,)  60, 1857, 10.) 

J.  Dumas  :  18i  (0  =  16). 

Dumas  made  six  experiments  on  the  reduction  of  tungstic 
acid  in  hydrogen  at  a  high  temperature  in  a  nacelle  of  un- 
glazed  porcelain,  and  two  experiments  on  the  titration  of 
5ie  chloride  with  argentic  nitrate.  The  extreme  difference 
between  the  results  was  0.69  for  0  =  8.     The  acid  was  pre- 
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pared  by  gently  heating  the  ammonium  Bait  in  a  muffle. 
{Anmd.  de  Chim.  et  de  Phys.,  (8,)  66, 1859, 144.) 

F.  A.  Bernoulli  :   186.8   (0  =  16) ;    1167.6  (0  = 
100). 

Bernoulli  made  five  experiments  on  the  reduction  of 
tungstic  acid  by  hydrogen  in  a  porcelain  tube  at  a  very 
high  temperature,  two  experiments  onjthe  amount  of  water 
formed  in  reduction,  and  four  experiments  on  the  oxidation 
of  tungsten.  The  mean  result  was  W  =  93.41 ;  extreme 
difference,  0.75.  [If  experiment  9,  in  which  oxidation 
seems  to  have  taken  place,  is  left  out,  the  mean  becomes 
98.35;  extreme  difference,  0.18.]  The  tungstic  acid  was  • 
prepared  from  ammonium  tungstate  which  had  been  boiled 
for  several  days  with  nitric  acid.  The  tungstic  acid  was 
heated  to  redness.  One  part  of  it  was  green,  another  part 
yellow.  The  determinations  from  the  different  colored 
acids  did  not  differ,  and  Bernoulli  considers  them  isomeric 
modifications  of  the  same  compound.  There  appear  to  be 
misprints  in  the  data  given.  (Poggend.  Ann.^  Ill,  1860, 
599.) 

C.  SCHEIBLER  :  184  (O  =  16). 

Scheibler  reached  this  value  by  five  determinations  of 
the  water  contents  (9  molecules)  of  barium  metatungstate. 
From  determinations  of  the  barium  and  the  tungsten  in 
the  same  compound  Scheibler  reached  other  values,  but  he 
regards  the  water  determination  as  the  most  trustworthy. 
(Erdmann's  Joum.  fur  Prak.  Chem.,  83,  1861,  328.) 

E.  Zettnow  :  188.952  (O  =  16). 

Determined  from  analyses  of  ferrous  tungstate  and 
argentic  tungstate.  A  known  weight  of  ferrous  tungstate 
was  melted  with  sodium  carbonate  and  the  mass  dissolved. 
The  ferric  hydrate  was  thoroughly  washed,  dissolved  in 
chlorhydric  acid,  reduced  to  ferrous  chloride  with  zinc  of 
known  composition,  and  titrated  with  potassic  permanga- 
nate in  several  measured  portions.  I^our  such  series  of 
experiments  were  made,  and  gave  a  mean  of  92.088  for  W ; 
extreme  difference,  0.88.  The  ferrous  tungstate  was  pre- 
pared by  melting  pure  anhydrous  sodium  tungstate  with 
ferrous  chloride  and  sodium  chloride,  dissolving,  separat- 
ing impurities,  crystallizing,  washing  the  crystals  with 
water,  chlorhydric  acid  and  sodium  carbonate.     The  argen- 


Digitized  by 


Google 


128  ATOMIC  WEIGHT  DETERMINATIONS. 

tic  tungstate  was  decomposed  with  nitric  acid  and  titrated 
with  sodium  chloride  lOr  decomposed  with  hot  sodium 
chloride  solution,  the  argentic  chloride  being  weighed. 
Five  experiments  gave  a  mean  of  91.916  for  W ;  extreme 
difference,  0.18.  The  argentic  tungstate  was  prepared  by 
the  precipitation  of  sodium  tungstate  with  argentic  nitrate, 
thorough  washing  and  drying  in  yellow  light.  The  per- 
manganate solution  was  prepared  according  to  Mohr  and 
tested  with  ammonio-ferroi^s  sulphate.  !re  =  28,  Ag  = 
108.     {Poggend.  Ann.,  130,  1867,  80.) 

H.  E.  RoscoB :  184.04  (O  =  16). 

Determined  by  reducing  tungstic  acid  in  a  current  of 
hydroffen,  by  reoxidizing  the  metal,  and  by  reducing  the 
chloride  in  a  current  of  hydrogen,  the  chlorhydric  acid 
being  condensed  and  estimated  as  argentic  chloride.  In 
the  experiments  on  the  acid,  that  compound  was  reduced, 
and  reoxidized  three  times  with  almost  identical  results. 
The  mean  of  the  second  and  third  reductions  of  the  same 
sample  gave  W  =  188.84.  In  the  experiments  on  the 
chloride,  the  chlorine  and  the  tungsten  were  each  deter- 
mined, and  gave  a  mean  of  184.25  for  01  =  85.5.  The 
tungstic  acid  was  prepared  by  the  decomposition  of  the 
chloride,  washing  and  heating  to  redness  in  a  platinum 
vessel.  It  was  canary  yellow.  The  chloride  was  prepared 
from  pure  tungsten.    {Liebig's  Ann.,  16S,  1872,  866.) 


URANIUM. 


No  certainty  exists  as  to  the  relation  between  the  equiva- 
lent and  the  atomic  weight  of  uranium.  The  latter  is  com- 
monly accepted  as  about  120.  Mendelejeff  gives  grounds 
for  supposing  it  to  be  240,  {Liebia's  Ann.,  S.  8,  1871,  178,) 
and  L.  Meyer  regards  it  as  probably  180,  a  value  which 
accords  well  with  the  specific  heat  of  the  black  oxide  as 
observed  by  Regnault.  {Gmelin-Kraut,  l.  c.)  For  the  pur- 
poses of  this  paper  it  seems  best  to  retain  the  customary 
value. 

J.  A.  Arfvedson  :  1^8.6  (0  =  16). 
Determined  by  experiments  on  the  reduction  of  uranoso- 
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uranic  oxide  and  on  the  oxidation  of  uranous  oxide.  By 
combustion  of  uranous  oxide  in  oxygen  he  found  in  two  ex- 
periments that  100  oxide  combined  with  8.695  and  with 
3.73  oxygen.  From  the  reduction  of  the  ereen  oxide  he 
found  that  100  uranous  oxide  combine  with  8.67  oxygen. 
He  deduces  as  the  mean  3.688.  Regarding  uranous  oxide 
as  the  metal,  Arfvedson  calculated  the  atomic  weight  at 
2711.36.  [If  the  lower  oxide  is  a  protoxide,  the  data  give 
128.6  for  O  =  16.]  The  uranous  oxide  was  prepared  from 
pitchblende  by  solution  in  aqua  regia,  precipitation  of  heavy 
metals  with  hydrogen  sulphide,  precipitation  with  ammonic 
hydrate,  solution  in  ammonium  carbonate  to  remove  iron, 
re[5recipitation,  heating  to  redness,  washing  with  chlorydric 
acid  to  remove  impurities,  and  reduction  in  hydrogen. 
(PoggencL  Ann.,  i,  1824,  254.) 

E.  Pkligot  :  IIB.ISS  (O  =  16) . 

In  two  experiments  the  amount  of  carbon  in  the  acetate 
was  found  to  be  11.27  and  11.8 ;  mean  11.285.  In  one  ex- 
periment the  uranic  oxide  was  determined  at  67.3  per  cent. 
[From  these  data  the  above  value  follows.]  Pelifi^ot  takes 
120  or  750,  C  =  75.  The  preparation  of  the  salt  is  not 
ffiven.  Peligot  mentions  the  oxalate  and  gives  analyses, 
bat  does  not  deduce  an  atomic  weight  from  them.  {ArmoL 
de  Chivu  et  de  Phya.,  (3,)  5, 1842,  89.) 

J.J.  Ebblmbn:  118.86  (0  =  16);  742.875  (0  = 
100). 
Ebelmen  made  six  experiments  on  the  reduction  of  the 
oxalate  to  uranous  oxide  by  hydrogen  and  heat.  The  value 
follows  with  an  extreme  difference  of  0.65  for  C  =  75 ;  H 
s  12.5.  All  the  weighings  were  reduced  to  vacuum.  To 
obtain  nure  oxalate,  the  nitrate  was  precipitated  by  oxalic 
acid  ana  this  preparation  decomposed  by  heat.  The  oxide 
thus  obtained  was  digested  with  chlorhydric  acid,  washed, 
dissolved  in  nitric  acid,  recrystallized,  and  precipitated  with 
oxalic  acid.  The  oxalate  was  dried  at  100^.  According 
to  Bammelsberg  the  reduction  of  the  oxalate  is  accompa- 
nied by  the  separation  of  carbon  which  remains  with  the 
oxide.    (Annal.  de  Chim.  et  de  Phys.,  (8,)  5, 1842,  189.) 

BsRZELius,  Arfvedson,  Marchand  :  128.4  (Osl6); 
802.49  (0  =  100). 

While  Arfvedson  was  making  his  first  determination, 
Berzelius  also  made  an  experiment  on  the  combustion  of  ura- 
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noQS  oxide  getting  103.685  uranic  from  100  uranoas  oxide. 
Marchand  [ErdmanrCs  Joum.  fur  Prak.  Chem.,  iSj  1841, 
498)  got  in  the  same  way  103.668.  The  average  of  the 
combustion  experiments  of  all  three  chemists  is  108.694, 
whence  Berzelias  calculates  the  value.  (Berzdiu^  Jakres- 
bericht,  SSy  1842,  118.)  Peligot  and  Rammelsberg,  as  well 
as  Marchand,  point  out  faults  in  this  method,  such  as  the 
probable  condensation  of  hydrogen  in  the  protoxide  and 
the  tendency  to  form  higher  oxides.  IPoggend.  Arm..  69 ^ 
1848, 4.)      . 

C.  Rammelsberg. 

• 

This  chemist  made  experiments  on  the  reduction  by 
hydrogen  of  the  green  oxide,  prepared  in  various  ways, 
and  got  results  varying  from  680.4  to  767.6  for  O  =  100. 
{Poggend.  Ann.j  69 ^  1843,  9.)  By  precipitation  of  uranous 
chloride  with  silver  he  reached  the  number  787.5  for  CI  = 
442.65.    The  chlorine  contents  found  varies  in  three  ex- 

Eeriments  from  78.89  to  74.46.    The  chloride  was  prepared 
y  heating  uranous  oxide  in  an  atmosphere  of  chlorine. 
(Poggend.  Ann.^  66, 1842,  821.) 

J.  Wertheim  :  119.4£  (0  =  16) ;  746.86  (0  =  100). 

Determined  by  three  experiments  on  the  decomposition 
of  the  double  acetate  of  uranium  and  sodium.  The  mean 
loss  of  acetic  acid  by  heating  the  salt  to  redness  was  82.477 
per  cent.;  extreme  difference,  0.086.  The  number  follows 
for  0  =  75,  H  =  6.26,  Na  =  890.9.  [In  Poggend.  Arm.^  67 y 
484,  an  abstract  is  ^ven  of  a  paper  read  before  the  academy 
(of  Berlin  ?)  by  Mitscherlich,  in  which  he  states  that  Wert- 
heim's  experiments  above  described  give  740.512.  Berze- 
lius  in  his  Jahresberichiy  fSS^  187,  makes  or  quotes  the  same 
statement,  so  also  does  Rammelsberg,  Poggend.  Ann.^  69 ^ 
4,  and  it  has  been  repeated  elsewhere.  I  have  recalculated 
the  data  ^ven  by  Wertheim  and  find  the  results  correctly 
deduced  m  his  own  report.  For  Na  =  28.048  (Stas) ;  the 
data  give  U  =  119.58.]  The  salt  was  prepared  from  urani- 
nite  by  solution  in  nitric  acid,  precipitation  with  hydrogen 
sulphide,  evaporation  of  the  nitrate  to  dryness,  solution 
in  hot  water,  crystallization  and  recrystallization,  heating 
the  crystals  to  drive  off  nitric  acid,  solution  in  acetic  acid^ 
digestion  with  sodium  carbonate  and  recrystallization. 
{MrdmmrCs  Joum.  fur  Prak.  Chem.,  £9, 1848,  209.) 
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C.  Rammelsbbbg  :  about  120  (0  ==  16). 

Determined  in  six  experiments,  undertaken  at  Berzelius' 
engeestion,  by  treating  uranous  oxide  with  nitric  acid  and 
flufpnuric  acid  and  weighing  the  sulphate.  It  is  very  diffi- 
cult to  weigh  the  uranous  oxide  which  constantly  increases 
in  weight.  Two  experiments  were  made  on  the  green 
oxide,  which  was  prepared  either  by  heating  uranous  oxide, 
or  the  nitrate,  in  air.  Two  experiments  were  made  on 
ma^esium  uraniate  by  dissolving  the  compound  in  nitric 
acia  and  heating  to  redness.  The  compound  was  found 
unstable  in  character.  One  experiment  was  made  by  heat- 
ing the  double  acetate  of  uranium  and  sodium  and  three 
experiments  by  heating  the  double  acetate  of  barium  and 
uranium.  The  results  obtained  varied  from  638.17  to 
753.76.  Rammelsberg  considers  the  determinations  confir- 
matory of  Wertheim's  and  Ebelmen's.  {Poggend.  Ann.y 
66, 1845,  95.) 

E.  Peliqot  :  120  (O  =  16);  750  (0  =  100). 

Determined  by  combustion  of  the  oxalate  in  a  current  of 
air,  both  the  carbonic  acid  and  the  green  oxide  of  uranium 
beinff  weighed.  At  first  Peliffot  got  only  780  as  the  atomic 
weight  by  this  process,  but  by  repeating  the  recrystalliza- 
tion  of  tne  salt  until  determinations  ^ave  constant  results, 
he  got  a  mean  of  750.  He  says  that  he  came  to  the  same 
value  by  comparing  the  amount  of  uranic  oxide  obtained 
from  the  acetate  with  the  weight  of  the  salt  employed. 
(Pcaris  Comptes  Bend., «»,  1846,  487.) 


VANADIUM. 


Roscoe  has  determined  the  vapor  density  of  vanadium 
chloride.  It  agrees  with  an  atomic  weight  of  about  51. 
{L.  Meyer,  L  c.) 

J.  J.  Bbbzelius  :  6S47  (0  =  16). 

Berzelius  made  four  experiments  on  the  relation  between 
the  higher  and  the  lower  oxides  of  vanadium,  three  by  re- 
duction with  hydrogen  at  a  very  high  temperature  and  one 
by  oxidation.  He  supposed  the  higher  oxide  to  have  the 
formula  VO3,  and  the  lower  VO,  and  consequently  got  for 
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the  atomic  weight  the  Dumber  855.84  (0  =  100).  R. 
Schneider  has  shown  that  the  data  as  given  by  Berzelius  are 
discordant,  (Poagend.  Ann.j  88y  819,)  a  fiwt  of  small  import- 
ance in  view  of  the  succeeding  investigation.  The  higher 
oxide  analyzed  by  Berzelius  was  produced  by  gently  heat- 
ing the  ammonium  salt.  {Poggend.  Ann.^  SSy  1881,  14; 
J^ngl  Vet.  Akad.  HdndL,  1881.) 

Roscoe  examined  some  ammonium  vanadate  which  Ber- 
zelius had  sent  Faraday  and  found  that  it  contained  phos- 
phorus.   {Liebig's  Ann.j  S,  6,  1868,  98.) 

H.  E.  RoscoB :  51.88  (O  =  16). 

Roscoe  made  four  experiments  on  the  reduction  of  vana- 
dic  acid  (V,  OJ  in  carefully  purified  hydrogen.  The  acid 
was  prepared  from  ammonium  vanadate.  To  free  this 
compound  from  phosphorus  and  silicic  acid  it  was  powdered, 
decrepitated  with  sodium  in  an  iron  crucible,  washed  with 
water  and  with  chlorhydric  acid,  re-oxidized  with  nitric 
acid,  chloridized  in  a  current  of  chlorine,  the  chloride  rec- 
tified and  decomposed  with  water.  The  acid  so  obtained 
was  dried,  moistened  with  sulphuric  acid,  exposed  to  the 
fumes  of  fiuohydric  acid  for  ten  days  and  melted.  This  pure 
acid  was  first  heated  for  several  hours  in  dry  air  and  aSfter- 
wards  in  hydrogen.  The  mean  result  of  four  experiments  was 
y  =  51.871 ;  extreme  difference,  0.228.  Nine  experiments 
were  made  on  the  titration  of  the  chloride  by  JPelouze's 
method.  Eight  experiments  were  also  made  on  the  analy- 
sis of  the  chloride  with  argentic  nitrate  by  the  ordinary 
method.  The  mean  of  the  seventeen  experiments  on  the 
chloride  gives  the  contents  in  chlorine  at  61.276  per  cent.; 
extreme  difference,  0.69.  This  composition  indicates  an 
atomic  weieht  of  51.29.  Roscoe  takes  CI  =  85.457,  Ae  = 
107.98.  The  vanadium  chloride  was  purified  by  rectifica- 
tion over  sodium  in  a  current  of  carbon  di-oxide.  The  re- 
agents were  prepared  according  to  Stas.  (lAebig^s  AnrLj  S, 
6, 1868,  86.) 

Roscoe  mentions  atomic  weight  determinations  by  Czud- 
nowicz  as  giving  55.85.  This  chemist,  however,  did  not 
calculate  an  atomic  weight  from  his  analyses,  but  used  that 
obtained  by  Berzelius.    {Poggend.  Ann.j  ISOy  1868, 17.) 
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YTTRIUM. 


The  compositdoD  of  yttrium  oxide  is  not  definitely  settled. 
Mendelejefi  conclades  from  the  general  behavior  of  its 
compounds  that  it  is  a  sesqui-oxide.  As,  however,  all  the 
chemists  who  have  made  atomic  weight  determinations  of 
this  element  have  considered  it  a  prot-oxide,  I  shall  assume 
it  to  be  so  and  the  atomic  weight,  therefore,  about  60. 

J.  J.  Bbrzblius  :  64.^9  (0  =  16);  401.84  (O  =  100). 

This  determination  was  made  before  the  discovery  of 
erbium  and  can  scarcely  be  correct.  The  value  was  reached 
by  analysis  of  the  sulphate  with  barium  chloride.  Ba  = 
856.88,  8  =  201.165.  {Poggend.  Ann.,  8,  1826,  186 ;  10, 
1827,  841.) 

N.  J.  Bbblin  :  59.7  (0  =  16). 

According  to  Blomstrand  in  Berlin,  Ber.  der  Chem.  Ges., 
1873, 1467.  I  can  find  no  other  record  of  this  determina- 
tion which  probably  appeared  in  the  ForhancU.  ved  de  Skandi- 
naviske  Naturfarsk,  1860,  448. 

O.  Popp :  68  (0  =  16), 

The  mean  of  four  analyses  of  the  sulphate  showed  that 
40.16  oxide  were  equivalent  to  88.28  sulphuric  anhydride, 

S"ving  a  molecular  weight  for  the  oxide  of  42.015 ;  extreme 
fference,  0.018.  The  yttrium  was  precipitated  with  sub- 
limed oxalic  acid,  the  free  acid  being  afterwards  neutralized 
with  ammonia.  The  sulphuric  acid  was  precipitated  with 
barium  chloride  in  the  filtrate  with  precautions.  Popp,  who 
denies  the  existence  of  erbium  and  terbium,  separated  yttri- 
um from  the  cerite  oxides  by  precipitation  with  barium 
carbonate,  yttrium  remaining  in  solution,  S  =  16,  Ba  = 
68.5.     {Lieing's  Ann.,  ISl,  1864, 183.) 

M.  Dblafontaine  :  about  64  (O  =  16). 

Delafontaine  does  not  pretend  that  this  number  is  exact. 
It  is  derived  from  analyses  t)f  the  sulphate.  His  method 
of  separation  was  essentially  Mosander's,  which  was  proved 
by  Popp  and  by  Bunsen  and  Bahr  to  give  impure  salts. 
(Liebig's  Ann.,  134, 1865, 108.) 
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Bahr  and  Bunsen  :  61.7  (O  =  16). 

Determined  by  saturating  the  oxide  with  aulphuric  acid 
as  in  the  determination  of  erbium,  q.  v.  Partial  recrystal- 
lization  does  not  produce  pure  yttrium  nitrate,  but  only 
concentrates  traces  of  didymium  in  the  salt.  Didyraium 
must  be  separated  with  potassic  sulphate.  Erbium  nitrate 
is  more  easily  decomposed  by  heat  than  yttrium  nitrate. 
The  nitrates  were  therefore  partially  decomposed,  yttrium 
nitrate  dissolved  out  and  the  process  repeated  until  there 
was  no  trace  of  erbium  or  didymium  visible  in  the  spectro- 
scope. The  mean  of  two  determinations  gave  T  =  30.85  ; 
difference,  0.1.     S  =  16.     {Liebig's  Ann.j  1S7, 1866,  21.) 

M.  Delafontaine  :  58.5  (O  =  16). 

Determined  by  three  experiments  on  the  sulphate  which 

§ave  in  mean  48.28  per  cent,  oxide  for  S  =  32.  [In  the 
ahresbericht  this  determination  is  reported  as  ^ving  Y"  = 
74.5.  Yttrium  is  apparently  a  misprint  for  yttrium  oxide.] 
The  yttrium  salt  seems  to  have  been  prepared  according  to 
the  method  of  Bahr  and  Bunsen.  (Kopp^s  Jahresbenchty 
1866, 184;  Bibl.  Univ.,  Arch,  des  Sciences,  (2),  «5, 1866, 112.) 

P.  T.  Clbvb  and  O.  M.  Hobglund  :  59.7  (O  =  16). 

Determined  by  analysis  of  the  sulphate.    The  oxide  was 

Burified  by  heating  the  nitrates,  etc.,  according  to  N.  J. 
►erlin.  (iBlomstrand,  in  Berlin,  Bericht  der  Uhem.  Ges., 
1873,  1467;  Bihang  till  Vet  Akad.  Handl,  1878,  B.  1,  5, 
No.  8.) 


ZINC. 

The  specific  heat  of  zinc  has  been  determined  by  Regnault 
and  others.     The  vapor  density  of  volatile  organic  com- 

?ounds  has  been  determined  by  Frankland  and  others, 
'hese  experiments  aeree  in  placing  the  atomic  weight  at 
about  65.    (GmeUn-Kraut,  l.  c;  L.  Meyer,  l.  c.) 

Gat-Lussac,  Bbrzelius,  Wollaston  :  65.547  (0  ^ 
16) ;  409.67  (O  =  100). 

In  his  experiments  on  the  oxidation  of  zinc  Gay-Lussac 


Digitized  by 


Google 


ziKO.  185 

found  that  100  Zn  =  24.41  oxygen.  This  value  is  repeatedly 
cited  in  hie  memoir.  {Gilberfs  Ann. ^  SO,  1811,  297;  Me- 
mcire  D^Arceuily  iP,  174.)  Wollaston  gives  the  same  figures 
on  Qay-Lussac's  authority.  {Phil.  Tram.,  lOi,  1814,  21.) 
Wollaston  calculates  from  these  data  Zn  =  410,JO  =  100.) 
Berzelius  in  each  of  two  experiments  got  100  Zn  =  124.4 
oxide.  (GUberfs  Ann.,  37, 1811,  460.)  In  Foggend.  Ann., 
8,  1826,  184,  as  well  as  in  his  Lehrbuch,  Berzelius  cites 
6ay-Lussac  as  having  found  100  Zn  =  24.8  oxygen.  He 
states  that  his  own  determinations  were  in  perfect  accor- 
dance with  these  figures,  and  calculates  from  them  the 
atomic  weight  of  zinc  at  403.226  or  64-6S,  and  this  was  the 
accepted  value  for  many  years.  I  cannot  find  any  other 
determinations  by  either  of  these  chemists,  and  am  obliged 
to  suppose  that  there  was  a  mistake  made  in  recording  the 
data  from  which  Berzelius  made  his  calculations ;  if  so, 
it  is  remarkable  that  neither  Berzelius  nor  the  other 
chemists  who  determined  this  value  perceived  it ;  for  the 
question  was  reopened  during  Berzelius'  life,  and  A.  Erd- 
mann  made  his  determination  at  Berzelius'  request. 

V.  A.  Jacqublin  :  66.U  (0  =  16) ;  414  (O  =  100). 

This  number  was  reached  by  measuring  the  amount  of 
hydrogen  developed  by  a  known  weight  of  zinc  from  sul- 

Ehuric  acid  on  the  supposition  that  the  specific  gravity  of 
ydrogen  is  0.0624.  The  results  seem  to  nave  been  incon- 
sistent. Subse<}uently  Jacquelain  arrived  at  the  same 
number  by  oxidizing  an  impure  zinc  of  known  composi- 
tion. {Paris  Comptes  Rend.,  U,  1842,  686 ;  and  AnnaL  de 
Chim.  et  de  Phys.,  (8,)  7, 1848,  204.) 

P.  A.  Favrb:  66,  (O  =  16);  412.5  (0  =  100). 

Favre  made  four  experiments  on  the  combustion  of  zinc 
oxalate,  the  carbon  di-oxide  beine  collected  and  its  weight 
compared  with  that  of  the  oxide.  The  mean  result  was 
Zn  =  412.66 ;  extreme  difference,  1.11.  C  =  75.  He  also 
made  three  experiments  by  passing  the  hydrogen  developed 
by  a  known  weight  .of  zinc  over  cupric  oxide,  the  water 
being  caught.  These  experiments  ^ve  in  mean  Zn  = 
412.16;  extreme  difference,  0.65  for  fi  =  12.5.  {Annal.  de 
Chim.  et  de  Phys.,  (8),  10, 1844, 168.) 

A.  Erdmann;  65.0S  (0  =  16);  406.591  (O  =  100). 
Determined  by  oxidizing  pure  zinc  with  nitric  acid,  and 
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driving  off  the  acid  by  heating  the  salt  in  a  porcelain  cruci- 
ble. Flatinum  is  attacked.  The  number  is  the  mean  of 
four  experiments;  extreme  difference,  0.698.  The  zinc 
was  prepared  by  mixing  pure  oxide  with  carbon,  and  distill- 
ing in  a  current  of  hydrogen.  (BerzeUus^  Jahresberichiy  £4^ 
1844, 182 ;  CEfversigt  af  Kongl.  Vet  Akad.  HancU.,  1,  8.) 


ZIRCONIUM. 


Deville  and  Troost  have  determined  the  vapor  density  of 
the  chloride.  It  agrees  with  an  atomic  weight  of  about  90. 
(!/•  Meyer^  I.  c.) 

J.  J.  Berzelius  :  89.6  (O  =  16). 

In  one  experiment  the  sulphate  was  decomposed  with 
ammonic  hydrate,  the  oxide  weighed  and  the  sulphuric 
acid  precipitated  with  barium  chloride.  In  five  experi- 
ments the  sulphate  was  decomposed  at  a  white  heat,  ammo- 
nium carbonate  being  added  at  the  close  of  the  operation. 
The  mean  result  was  that  100  parts  of  sulphuric  anhydride 
unite  with  75.858  parts  of  zirconium  oxide ;  extreme  differ- 
ence, 0.28.  Berzelius  deduces  the  value  840.08  for  O  = 
100,  S  =  201.165 ;  on  the  supposition  that  the  oxide  con- 
tains three  atoms  of  oxygen.  [Being  a  binoxide,  this  re- 
lation gives  Zr  =  89.6  for  O  =  16.]  The  sulphate  seems  to 
have  &en  prepared  by  dissolving  the  oxide  in  sulphuric 
acid  and  expelling  the  excess  or  acid  by  heat.  {Poggmd. 
Ann.,  4, 1826, 126.) 

B.  Hermann: 

This  chemist  made  some  experiments  on  the  chloride 

fetting  in  three  determinations  a  mean  of  889.45  for  O  = 
00  and  on  the  tri-oxide  supposition.  The  extreme  differ- 
ence was  20.1.  01  =  448.65.  The  chloride  was  produced 
by  heating  the  oxide  with  carbon  in  a  current  of  chlorine. 
Hermann  adopts  not  his  own  but  Berzelius'  determination. 
{JSrdmann's  Joum.  fur  Prak.  Chem.,  31^  1844,  77.) 

0.  Marignao:  90  (0  =  16). 

Determined  from  analyses  of  potassium  fluo-zirconiate. 
The  salt  was  decomposed  with  sulphuric  acid,  the  excess 
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of  acid  driven  off  by  heat,  the  residue  weighed,  the 
potassic  sulphate  leached  out  with  water,  and  the  residue 
again  weighed.  Marignac  does  not  pretend  that  the  deter- 
mination is  accurate.  The  results  gave  from  45.01  to  45.48. 
He  thinks  that  some  potassic  sulphate  may  have  escaped 
solution,  and  therefore  takes  the  minimum.  K  =  89,  d  = 
16. 

According  to  Marignac,  Deville  also  found  the  atomic 
weight  of  zirconium  somewhat  higher  than  Berzelius  by 
analysis  of  the  chloride  with  which  he  determined  the 
vapor  density.  {Annal.  de  Chim.  etde  Phys.,  (8,)  60y  1860, 
267.) 
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APPENDIX. 


DETERxMINATIONS  BY  T.  THOMSON. 

In  Thomson^s  Annals  of  Philosophy^  volumes  16  and  17^ 
1820-21,  Thomson  published  a  series  of  papers  descrip- 
tive of  experiments  undertaken  for  the  purpose  of  verifying 
Proat's  hypothesis.    His  method  consisted  in  mixing  re- 

Ssnts  in  what  he  considered  equivalent  proportions,  and 
er  precipitation  examining  portions  of  the  supernatant 
liquid  for  an  excess  of  each  of  the  salts  supposed  to  neu- 
tralize one  another.  In  all  except  four  cases,  either  the 
salt  analyzed  was  a  sulphate  and  the  precipitiant  barium 
chloride,  or  the  determination  was  dependent  upon  such 
an  analysis ;  yet  although  Thomson  took  barium  =  70,  in 
no  instance  was  he  able  to  detect  either  barium  or  sul- 
phuric acid  in  the  residual  solution  when  the  quantity  of 
the  re-agents  corresponded  to  the  atomic  weights  which  he 
adopts.  Comparison  of  his  results  with  those  reached  b^ 
more  accurate  experimenters  vnll  make  this  exact  neutrali- 
zation appear  impossible,  nor  were  his  contemporaries  able 
to  repeat  his  experiments  successfully.  Thomson's  deter- 
minations are,  as  such,  utterly  valueless,  yet  as  they  were 
for  many  years  extensively  accepted  in  English  and  Ameri- 
can scientific  literature  they  are  inserted  here  for  reference. 
In  the  foUovnng  table  Thomson's  numbers  are  multiplied, 
when  necessary,  for  the  sake  of  comparison  with  the  values 
now  accepted. 

Detbrminations  Involving  Barium  =  70. 

Arsenic 76  Magnesium 24 

Barium 140  Manganese 66 

Bismuth 216  Nickel . 52 

Calcium 40  Nitrogen 14 

Carbon 12  Phosphorus 32 

Chlorine 86  Potassium 40 

Chromium 66  Silver ^ 110 

Cobalt- -.62  Sodium 24 

Copper 64  Strontium ^ 88 

Iron 66  Sulphur - —32 

Lead.- 208  Zinc —,68 
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Thomson  Further  Determined — 

ADtimoDy  at  132  by  oxidatioD. 

Boron  at  12  from  analysis  of  borax. 

Mercury  at     200  by  conversion  of  the  oxide  into  chloride. 

Tin  at  116  by  oxidation  with  nitric  acid. 


REDUCTION  OF  WEIGHINGS  TO  VACUUM. 

In  discussing  the  analyses  recorded  in  the  foregoing  paj^s, 
or  in  reconciling  atomic  weight  determinations  by  various 
chemists,  it  may  be  found  convenient  to  employ  the  follow- 
ing table.  The  maximum  error  involved  is  less  than  0.01 
per  cent  or  0.1  milligram  per  gram. 

GBAM  WEIGHTS   BEING  OF  BRASS,  FRACTIONS   OF   PLATINUM. 

For  substances  the  sp.  gr.  of  which  exceeds  6.1 ;  no  cor- 
rection is  necessary. 

For  substances  the  sp.  gr.  of  which  is  less  than  6.1 : — 

To  correct  the  entire  grams;  multiply  their  number  by  the 
correction  in  the  table  opposite  the  sp.  gr.  of  the  substance, 
found  in  the  first  column,  and  add  the  product  to  the  observed 
we^ht. 

To  correct  the  fractions  of  a  gram^  multiply  the  correction 
opposite  the  sp.  gr.  of  the  substance,  found  in  the  third  col- 
umn of  the  table,  by  the  first  two  decimal  figures  of  the 
observed  weight,  if  the  sp.  gr.  of  the  substance  is  less  than 
8,  and  by  the  first  decimal  only,  if  the  sp.  gr.  exceeds  3,  and 
add  the  product  to  the  observed  weight. 

ALL  WEIGHTS  USED  BEING  OF  PLATINUM. 

For  substances  the  sp.  gr.  of  which  exceeds  7.8,  no  correc- 
tion is  necessary. 

For  substances  the  sp.  gr.  of  which  is  less  than  7.8 : — 
Multiply  the  correction  opposite  the  sp.  gr.  of  the  substance, 
found  in  the  third  column,  by  the  number  of  erams,  tenths 
and  hundredths  observed,  if  the  sp.  gr.  falls  short  of  8,  or 
by  the  number  of  ^rams  and  tenths,  if  the  sp.  gr.  exceeds 
8^  and  add  the  product  to  the  observed  weight. 

The  table  shows  within  what  limits  it  is  necessary  to  know 
the  sp.  gr. 
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(  WeighU  of  Brass)  for 

Correetion  per  Gram. 

(W$ighi$ofPlaHnum)for 

Specific  Cfravify 

between — 

Error  <  ^  Mff. 

Specific  Oravity  between — 

27.788  and  11.064 

—0.000  067  gram. 

11.064 

6.904 

0.000  000 

51.766  and  18.668 

6.904 

6.019 

+0.000  067 

18.668 

7.807 

5.019 

8.948 

0.000  188 

7.807 

6.480 

8.948 

8.247 

0  000  200 

6.480 

4.222 

8.247 

2.769 

0.000  267 

4.222 

8.488 

2.769 

2.899 

0  000  888 

8.488 

2.898 

2.899 

2.122 

0.000  400 

2.898 

2.600 

2.122 

1.908 

0.000  467 

2.600 

2.201 

1.908 

1.724 

0.000  688 

2.201 

1.965 

1.724 

1.676 

0.000  600 

1.966 

1.776 

1.676 

1.462 

0.000  667 

1.776 

1.619 

1.462 

1.877 

0.000  788 

1.619 

1.488 

1.877 

1.264 

0000  800 

1.488 

1.877 

1.264 

1.174 

0.000  867 

1.877 

1.281 

1.174 

1.108 

0.000  988 

1.281 

1.197 

1.108 

1.041 

0.001  000 

1.197 

1.124 

1.041 

0.986 

0.001  067 

1.124 

1.069 

0.001  188 

1.069 

1.002 

0.001  200 

1.002 

0.960 

{mi.  Amer.  Jour.,  16, 1878,  265;  ii€%'a  Ann.,  196,  1879, 
222.) 
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ADVERTISEMENT. 


The  present  publication  is  one  of  a  series  devoted  to  the  discus- 
sion and  more  precise  determination  of  various  "  Constants  of 
Nature ; "  and  forms  the  Fifth  contribution  to  that  subject  pub- 
lished by  this  Institution. 

The  First  number  of  the  series,  embracing  tables  of  "Specific 
Gravities"  and  of  Melting  and  Boiling  Points  of  Bodies,  prepared 
by  the  same  author,  Prof.  F.  W.  Clarke,  was  published  in  1873. 
The  Fwiih  part  of  the  series,  comprising  a  complete  digest  of  the 
various  "Atomic  Weight"  determinations  of  the  chemical  elements 
published  since  1814,  commencing  with  the  well-known  "  Table  of 
Equivalents"  by  WoUaston,  (given  in  the  Philosophical  Trans- 
actions for  that  year,)  compiled  by  Mr.  Greorge  F.  Becker,  was 
published  by  the  Institution  in  1880.  The  present  work  which  may 
be  regarded  as  practically  supplementary  to  that  digest,  (or  perhaps 
rather  as  the  memoir  to  which  that  digest  is  introductory,)  com- 
prises a  very  full  discussion  and  re-calculation  of  the  "Atomic 
Weights"  from  all  the  existing  data,  and  the  assignment  of  the 
most  probable  value  to  each  of  the  elements. 

The  manuscript  of  the  work  was  presented  to  the  Institution 
in  its  completed  form  by  Prof.  F.  W.  Clarie,  the  cost  of  publica- 
tion only  being  at  the  expense  of  the  Smithsonian  fund. 


Spencer  F.  Baird, 
Secrttary  of  Smithsonian  InstUiUion. 


Washington,  January^  1882. 
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INTRODUCTION. 


In  the  autumn  of  1877  the  writer  began  collecting  data 
relative  to  the  determinations  of  atomic  weights,  with  the 
purpose  of  preparing  a  complete  resum6  of  the  entire  sub- 
ject, and  of  recalculating  all  the  estimations.  The  work 
was  fairly  under  way,  the  material  was  collected  and  partly 
discussed,  when  I  received  from  the  Smithsonian  Institu- 
tion a  manuscript  by  Professor  George  F.  Becker,  entitled 
"  Atomic  Weight  Determinations :  a  Digest  of  the  Investi- 
gations Published  since  1814."  This  manuscript,  which  has 
lately  been  issued  as  Part  IV  of  the  "  Constants  of  Nature," 
covered  much  of  the  ground  contemplated  in  my  own 
undertaking.  It  brought  together  all  the  evidence,  pre- 
senting it  clearly  and  thoroughly  in  compact  form;  in 
short,  that  portion  of  the  task  could  not  well  be  improved 
upon.  Accordingly,  I  decided  to  limit  my  own  labors  to  a 
critical  recalculation  of  the  data;  to  combine  all  the  figures 
upon  a  common  mathematical  basis,  and  to  omit  everything 
which  could  as  well  be  found  in  Professor  Becker's  "  Digest." 

At  the  very  beginning  of  my  work  certain  questions  con- 
fronted me.  Should  I  treat  the  investigations  of  different 
individuals  separately,  or  should  I  combine  similar  data  to- 
gether in  a  manner  irrespective  of  persons  ?  For  example, 
ought  I,  in  estimating  the  atomic  weight  of  silver,  to  take 
Stas*  work  by  itself,  Marignac's  work  by  itself,  and  so  on, 
and  then  average  the  results  together;  or  should  I  rather 
combine  all  series  of  figures  relating  to  the  composition  of 
potassium  chlorate  into  one  mean  value,  and  all  the  data 
concerning  the  composition  of  silver  chloride  into  another 
mean,  'and,  finally,  compute  from  such  general  means  the 
constant  sought  to  be  established?  The  latter  plan  was 
finally  adopted ;  in  fact,  it  was  rendered  necessary  by  the 
method  of  least  squares,  which  method  was  alone  adequate 
to  supply  me  with  good  processes  for  calculation. 

(VII) 


Digitized  by 


Google 


VIII  INTRODUCTION. 

The  mode  of  discussion  and  combination  of  results  was 
briefly  as  follows.  The  formulae  employed  are  given  in 
another  chapter.  I  began  with  the  ratio  between  oxygen 
and  hydrogen ;  in  other  words,  with  the  atomic  weight  of 
oxygen  referred  to  hydrogen  as  unity.  Each  series  of  ex- 
periments was  taken  by  itself,  its  arithmetical  mean  was 
found,  and  the  probable  error  of  that  mean  was  computed. 
Then  the  several  means  were  combined  according  to  the 
appropriate  formula,  each  receiving  a  weight  dependent 
upon  its  probable  error.  The  general  mean  thus  established 
was  taken  as  the  most  probable  value  for  the  atomic  weight 
of  oxygen,  and,  at  the  same  time,  its  probable  error  was 
mathematically  asssigned. 

Next  in  order  came  a  group  of  elements  which  were  best 
discussed  together,  namely,  silver,  chlorine,  potassium,  so- 
dium, bromine,  iodine,  and  sulphur.  For  these  elements 
there  were  data  from  thirteen  experimenters.  All  similar 
figures  were  first  reduced  to  common  standards,  and  then 
the  means  of  individual  series  were  combined  into  general 
means.  Thus  all  the  data  were  condensed  into  twenty 
ratios,  from  which  several  independent  values  for  the  atomic 
weight  of  each  element  could  be  computed.  The  probable 
errors  of  these  values,  however,  iiU  involved  the  probable 
error  of  the  atomic  weight  of  oxygen,  and  were,  therefore, 
higher  than  they  would  have  been  had  the  latter  element 
not  entered  into  consideration.  Here,  then,  we  have  sug- 
gested a  chief  peculiarity  of  this  whole  revision.  The 
atomic  weight  of  each  element  involves  the  probable  errors 
of  all  the  other  elements  to  which  it  is  directly  or  indirectly 
referred.  Accordingly,  an  atomic  weight  determined  by 
reference  to  elements  whose  atomic  weights  have  been  defec- 
tively ascertained  will  receive  a  high  probable  error,  and  its 
weight,  when  combined  with  other  values,  will  be  relatively 
low.  For  example,  an  atomic  weight  ascertained  bj''  direct 
comparison  with  hydrogen  will,  other  things  being  equal, 
have  a  lower  probable  error  than  one  which  is  referred  to 
hydrogen  through  the  intervention  of  oxygen ;  and  a  metal 
whose  equivalent  involves  only  the  probable  error  of  oxygen 
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will  be  more  exactly  known  than  one  which  depends  upon 
the  greater  errors  of  silver  and  chlorine.  These  points 
will  appear  more  clearly  evident  in  the  subsequent  actual 
discussions. 

But  although  the  discussion  of  atornic  weights  is  osten- 
sibly mathematical,  it  cannot  be  purely  so.  Chemical  con- 
siderations are  necessarily  involved  at  every  turn.  In  as- 
signing weights  to  mean  values  I  have  been,  for  the  most 
part,  rigidly  guided  by  mathematical  rules;  but  in  some 
cases  I  have  been  compelled  to  reject  altogether  series  of  data 
which  were  mathematically  excellent,  but  chemically  worth- 
less because  of  constant  errors.  In  certain  instances  there 
were  grave  doubts  as  to  whether  particular  figures  should 
be  included  or  rejected  in  the  calculation  of  means ;  there 
having  been  legitimate  reasons  for  either  procedure.  Prob- 
ably many  chemists  would  differ  with  me  upon  such  points 
of  judgment.  In  fact,  it  is  doubtful  whether  any  two  chem- 
ists, working  independently,  would  handle  all  the  data  in 
precisely  the  same  way,  or  combine  them  so  as  to  produce 
exactly  the  same  final  results.  Neither  would  any  two 
mathematicians  follow  identical  rules  or  reach  identical  con- 
clusions. In  calculating  the  atomic  weight  of  any  element 
those  values  are  assigned  to  other  elements  which  have  been 
determined  in  previous  chapters.  Hence  a  variation  in  the 
order  of  discussion  might  lead  to  slight  differences  in  the 
final  results. 

As  a  matter  of  course  the  data  herein  combined  are 
of  very  unequal  value.  In  many  series  of  experiments 
the  weighings  have  been  reduced  to  a  vacuum  standard; 
but  in  most  cases  chemists  have  neglected  this  correc- 
tion altogether.  In  a  majority  of  instances  the  erroi:s  thus 
introduced  are  slight ;  nevertheless  they  exist,  and  interfere 
more  or  l^s  with  all  attempts  at  a  theoretical  consideration 
of  the  results.  For  example,  they  affect  seriously  the  in- 
vestigation of  Front's  hypothesis,  and  are  often  great  enough 
to  account  for  seeming  exceptions  to  it.  Such  questions  as 
these  will  be  considered  in  the  appendix. 

Another  serious  source  of  error  affecting  many  of  the  re- 
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suits  was  not  discovered  until  recently.  A  large  number  of 
computations  had  been  actually  finished,  involving,  among 
other  things,  the  greater  part  of  Stas*  work,  when  Dumas 
published  his  investigation  upon  the  occlusion  of  oxygen  by 
silver.  Here  it  was  shown  that  a  very  great  number  of 
atomic  weight  determinations  must  have  been  vitiated  by 
constant  errors,  which,  though  constant  for  each  series,  were 
probably  of  difierent  magnitude  in  difierent  series,  and, 
therefore,  could  not  be  systematically  corrected  for.  At  the 
time  of  the  announcement  of  this  discovery  of  Dumas  my 
work  was  so  far  under  way  that  I  thought  it  best  to  com- 
plete my  discussion  without  reference  to  it,  and  then  to 
study  its  influence  in  the  appendix.  In  the  chapter  upon 
aluminum,  however,  it  will  be  noted  that  Mallet  eliminated 
this  error  in  great  part  from  his  experimental  results. 

Necessarily,  this  work  omits  many  details  relative  to  ex- 
perimental methods,  and  particulars  as  to  the  arrangements 
of  special  forms  of  apparatus.  For  such  details  original 
memoirs  must  be  consulted.  Their  inclusion  here  would 
have  rendered  the  work  unwarrantably  bulky.  There  is 
such  a  thing  as  over-exhaustiveness  of  treatment,  which  is 
equally  objectionable  with  under-thoroughness. 

Of  course,  none  of  the  results  reached  in  this  revision 
can  be  considered  as  final.  Every  one  of  them  is  liable  to 
repeated  corrections.  To  my  mind  the  real  value  of  the 
work,  great  or  little,  lies  in  another  direction.  The  data 
have  been  brought  together  and  reduced  to  common  stand- 
ards, and  for  each  series  of  figures  the  probable  error  has 
been  determined.  Thus  far,  however  much  my  methods 
of  combination  may  be  criticized,  I  feel  that  my  labors  will 
have  been  useful.  The  ground  is  now  cleared,  in  a  measure, 
for  future  experimenters ;  it  is  possible  to  see  more  distinctly 
what  remains  to  be  done ;  some  clues  are  furnished  as  to  the 
relative  merits  of  difierent  series  of  results.  I  hope  to  be 
able,  from  time  to  time,  as  new  determinations  are  published, 
to  continue  the  task  here  begun,  and  perhaps,  also,  to  add, 
in  the  near  future,  some  data  of  my  own  establishing. 

In  addition  to  the  usual  periodicals  the  following  works 
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have  been  freely  used  by  me  in  the  preparation  of  this 
volume : 

Berzelius,  J.  J.  Lehrbuch  der  Chemie.  5  Auflage.  Drit- 
terBand.    SS.  1147-1231.    1845. 

Van  Geuns,  W.  A.  J.  Proeve  eener  Geschiedenis  van  de 
-^Jquivalentgetallen  der  Scheikundige  GrondstoflFen 
en  van  hare  Soortelijke  Gewigten  in  Gasvorm,  voor- 
namelijk  in  Betrekking  tot  de  vier  Grondstoffen  der 
Bewerktuigde  Natuur.    Amsterdam,  1853. 

Mulder,  E.  Historisch-Kritisch  Overzigt  van  de  Bepal- 
ingen  der  -^quivalent-G^wigten  van  13  Eenvoudige 
Ligchamen.    Utrecht,  1853. 

Mulder,  L.  Historisch-Kritisch  Overzigt  van  de  Bepal- 
ingen  der  ^quivalent-Gewigten  van  24  Metalen. 
Utrecht,  1853. 

OuDEMANS,  A.  C,  Jr.  Historisch-Kritisch  Overzigt  van  de 
Bepaling  der  -^quivalent-Gewigten  van  Twee  en 
Twintig  Metalen.    Leiden,  1853. 

Stab,  J.  S.  Untersuchungen  iiber  die  Gesetze  der  Chem- 
ischen  Proportionen  iiber  die  Atomgewichte  und  ihre 
gegenseitigen  Verhaltnisse.  Uebersetzt  von  Dr.  L. 
Aronstein.    Leipzig,  1867. 

The  four  Dutch  monograph?  above  cited  are  especially 
valuable.  They  represent  a  revision  of  all  atomic  weight 
data  down  to  1853,  as  divided  between  four  writers. 
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FORMULAE  FOR  THE  CALCULATION  OF 
PROBABLE  ERROR. 


Although  the  ordinary  formula  for  the  probable  error  of 
an  arithmetical  mean  is  familiar  to  all  physicists,  it  is  per- 
haps best  to  reproduce  it  here,  as  follows : 


(1.)  e  =  ±  .6745  ^ 


If  (If -I) 

Here  n  represents  the  number  of  observations  or  experi- 
ments in  the  series,  while  S  is  the  sum  of  the  variations  of 
the  individual  results  from  the  mean. 

In  combining  several  arithmetical  means,  representing 
several  series,  into  one  general  mean  each  receives  a  weight 
indicated  by  its  probable  error ;  greater  as  the  latter  becomes 
less,  and  vke  versa.  Let  A,  B,  C,  etc.,  be  such  mean  results, 
and  a,  b,  c,  their  probable  errors  respectively.  Then  the 
general  mean  is  determined  by  this  formula  : 

(2.)  ^=r  :  '' 

flj  -r    ^«   ■+"   ^  •  •  • 

For  the  probable  error  of  this  general  mean  we  have : 
C3.) 


\a'  +   ^  +    ^  •  •  • 


In  the  calculation  of  atomic  and  molecular  weights  the 
following  formulee  have  been  employed.  For  assistance  in 
connection  with  them  my  thanks  are  due  to  Professors  H. 
T.  Eddy  and  E.  W.  Hyde  of  the  University  of  Cincinnati. 

Using,  as  before,  capital  letters  to  represent  known  quan- 
tities and  small  letters  for  their  probable  errors  respectively. 


Digitized  by^ 


Google 


INTRODUCTION.  Xin 

we  have  for  the  sum  or  difference  of  two  quantities,  A  and 
B: 


(4.)  ^  =  1/^  +  ^ 

For  the  product  of  A  multiplied  by  B  the  probable  error  is 

(6.)  ^=-i/{Ad)*-^(Bay 

For  the  product  of  three  quantities,  ABC : 


(6.)  ^  =  |/(BGi)«  4-  (AC^)«  -h  (ABc)* 

For  a  quotient,  p  *he  probable  error  becomes 


C7.)  ,^V(x)V'- 


Given  a  proportion,  A  :  B  : :  C  :  a:,  the  probable  error  of 
the  fourth  term  iH  as  follows : 


(8.)  .  =  V(^)'  +  (^^)' +  ("-)• 

A 

This  formula  is  used  in  nearly  every  atomic  weight  cal- 
culation, and  is,  therefore,  exceptionally  important.  Rarely 
a  more  complicated  case  arises  in  a  proportion  of  this  kind : 

A:B::C-f;c:D4-x 

In  this  proportion  the  unknown  quantity  occurs  in  two 
terms.  Its  probable  error  is  found  by  this  expression,  and 
is  always  large : 


(9.)  .  =  ^i^=^iB^a^+A^^)  + 


B^c^  -f  AV« 
lA-B)» 


When  several  independent  values  have  been  calculated 
for  an  atomic  weight  they  are  treated  like  means,  and  com- 
bined according  to  formulae  (2)  and  (3.)    Each  final  result 
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is,  therefore,  to  be  regarded  as  the  general  mean  of  all  re- 
liable determinations.  This  method  of  combination  may 
not  be  the  best  one  theoretically  possible,  but  it  seemed  to 
be  the  only  one  practically  available.  The  data  are  too  im- 
perfect to  warrant  the  use  of  much  more  elaborate  processes 
of  discussion. 
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RECALCULATION  OF  THE  ATOMIC  WEIGM^ 


OXYGEN. 

The  ratio  between  oxygen  and  hydrogen  is  the  foundation 
upon  which  the  entire  system  of  atomic  weights  depends. 
Hence,  the  accuracy  of  its  determination  has,  from  the 
beginning,  been  recognized  as  of  extreme  importance.  A 
trifling  error  here  may  become  cumulative  when  repeated 
through  a  moderate  series  of  other  ratios. 

Leaving  out  of  account  the  earliest  researches,  which  have 
now  only  a  historical  value,  we  find  that  three  methods 
have  been  employed  for  fixing  this  important  constant. 
First,  the  synthesis  of  water,  eflfected  by  passing  hydrogen 
gas  over  red  hot  oxide  of  copper.  Secondly,  the  exact 
determination  of  the  relative  density  of  the  two  gases. 
Thirdly,  by  weighing  the  quantity  of  water  formed  upon 
the  direct  union  of  a  known  volume  of  hydrogen  with 
oxygen. 

The  first  of  these  methods  has  been  employed  in  three 
leading  investigations,  namely,  by  Dulong  and  Berzelius,* 
by  Dumas,  and  by  Erdmann  and  Marchand.  The  essential 
features  of  the  method  are  in  all  cases  the  same.  Hydrogen 
gas  is  passed  over  heated  oxide  of  copper,  and  the  water 
thus  formed  is  collected  and  weighed.  From  this  weight 
and  the  loss  of  weight  which  the  oxide  undergoes,  the  exact 
composition  of  water  is  readily  calculated.  Dulong  and 
Berzelius  made  but  three  experiments,  with  the  following 
results  for  the  percentages  of  oxygen  and   hydrogen  in 

in  water : 

O.  H. 

88.942  11.058 

88.809  II. 191 

88.954  11.046 

*  Thomson's  Annals  of  Philosophy,  July,  182 1,  p.  50. 
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These  figures,  rather  roughly  determined,  and  by  no 
means  exact  enough  to  meet  the  requirements  of  modem 
science,  give  a  mean  value  of  16.021  for  the  atomic  weight 
of  oxygen.  As  the  weighings  were  not  reduced  to  a  vacuum, 
this  correction  was  afterwards  applied  by  Clark,*  who  showed 
that  these  syntheses  really  make  0  =  15.894;  or,  in  Ber- 
zelian  terms,  if  0  =  100,  H  =  12.583. 

In  1842  Dumasf  published  his  elaborate  investigation 
upon  the  composition  of  water.  The  first  point  was  to  get 
pure  hydrogen.  This  gas,  evolved  from  zinc  and  sulphuric 
acid,  might  contain  oxides  of  nitrogen,  sulphur  dioxide, 
hydrosulphuric  acid,  and  arsenic  hydride.  These  impuri- 
ties were  removed  in  a  series  of  wash  bottles ;  the  HjS  by  a 
solution  of  lead  nitrate,  the  HjAs  by  silver  sulphate,  and 
the  others  by  caustic  potash.  Finally,  the  gas  was  dried  by 
passing  through  sulphuric  acid,  or,  in  some  of  the  experi- 
ments, over  phosphorus  pentoxide.  The  copper  oxide  was 
thoroughly  dried,  and  the  bulb  containing  it  was  weighed. 
By  a  current  of  dry  hydrogen  all  the  air  was  expelled  from 
the  apparatus,  and  then,  for  ten  or  twelve  hours,  the  oxide 
of  copper  was  heated  to  dull  redness  in  a  constant  stream  of 
the  gas.  The  reduced  copper  was  allowed  to  cool  in  an 
atmosphere  of  hydrogen.  The  weighings  were  made  with 
the  bulbs  exhausted  of  air.  The  following  table  gives  the 
results : 

Column  A  contains  the  symbol  of  the  drying  substance. 
B  gives  the  weight  of  the  bulb  and  copper  oxide.  C,  the 
weight  of  bulb  and  reduced  copper.  D,  the  weight  of  the 
vessel  used  for  collecting  the  water.  E,  the  same,  plus  the 
water.  F,  the  weight  of  oxygen.  G,  the  weight  of  water 
formed.  H,  the  crude  equivalent  of  H  when  0  =  10,000. 
I,  the  equivalent  of  H,  corrected  for  the  air  contained  in  the 
sulphuric  acid  employed.  This  correction  is  not  explained, 
and  seems  to  be  questionable. 

*  Philosophical  Magazine,  3d  series,  20,  341. 
t  Compt  Rend.,  14,  537. 
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In  the  sum  total  of  these  mneteen  experhnents,  840.161 
grammes  of  oxygen  form  945.439  grammes  of  water.  This 
gives,  in  percentages,  for  the  composition  of  water,  oxygen 
88.864;  hydrogen,  11.136.  Hence  the  atomic  weight  of 
oxygen,  calculated  in  mass,  is  15.9608.  In  the  following 
column  the  values  are  given  as  deduced  from  the  individual 
data  given  under  the  headings  F  and  G  : 

15-994 

16.014 
16.024 
15.992 
15.916 
15.916 

15-943 
16.000 
15.892 

'5-995 
15.984 
15.958 
15.902 
15.987 
15.926 
15.992 
15.904 
15.900 
16.015 


Mean,  15.9607,  with  a  probable  error  of  dr  .0070. 

In  calculating  the  above  column  several  discrepancies 
were  noted,  probably  due  to  misprints  in  the  original  me- 
moir. On  comparing  columns  B  and  C  with  F,  or  D  and  E 
with  G,  these  anomalies  chiefly  appear.  They  were  detected 
and  carefully  considered  in  the  course  of  my  own  calcula- 
tions ;  and,  I  believe,  eliminated  from  the  final  result. 

The  paper  by  Erdmann  and  Marchand*  followed  closely 
after  that  of  Dumas.  The  method  of  research  was  essen- 
tially the  same  as  that  of  the  latter  chemist,  varying  only 
in  points  of  comparatively  unimportant  detail.  The  results 
are  given  in  two  series,  in  one  of  which  the  weighings  were 

*  Joum.  f.  Prakt.  Chem.,  1842,  bd.  26,  s.  461. 
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not  actually  made  in  vacuo,  but  were,  nevertheless,  reduced 
to  a  vacuum  standard.  The  second  series  represents  actual 
vacuum  weighings.  The  quantity  of  water  formed  in  each 
experiment,  was  from  41.664  to  95.612  grammes.  I  give 
below  only  the  percentages  of  oxygen  and  hydrogen  in 
water  as  deduced  from  Erdmann  and  Marchand's  data : 


First  Series. 

o. 

H. 

88.836 

1 1. 164 

88.821 

II.179 

S8.874 

II. 126 

88.868 

II. 132 

Second  Series. 

0. 

H. 

88.887 

II. 113 

88.898 

1 1. 102 

88.895 

1 1. 105 

88.899 

II.IOI 

1  atomic  weight  of 

oxygen  is,  as  fo 

First  Series. 

Second  Series, 

15.91S 

15-997 

15.891 

16.015 

15.976 

16.010 

15.966 

16.016 

Mean,  15.9369,  ±  .0138  Mean,  16.0095,  ^  .0030 

The  effect  of  discussing  these  two  series  separately  is 
somewhat  startling.  It  gives  to  the  four  experiments  in 
Erdmann  and  Marchand's  second  group  S  weight  vastly 
greater  than  their  other  four  and  Dumas'  nineteen  taken 
together.  For  so  great  a  superiority  as  this  there  is  no 
adequate  reason ;  and  it  is  highly  probable  that  it  is  due 
almost  entirely  to  fortunate  coincidences,  rather  than  to 
greater  accuracy  of  work.  We  will,  therefore,  treat  Erd- 
mann and  Marchand's  experiments  as  one  series,  giving  all 
equal  weight,  and  then  combine  them  with  the  results  ob- 
tained by  Dumas.    We  now  have — 


Digitized  by 


Google 


6  THE   ATOMIC  WEIGHTS. 

By  Dumas O  =^  15.9607,  ±  .0070 

By  Erdmann  and  Marchand O  =  15.9733,  ±  .0113 

General  mean O  =  15.9642,  i  .0060 

In  discussing  the  relative  density  of  oxygen  and  hydro- 
gen gases  we  need  only  consider  the  more  modem  researches 
of  Dumas  and  Boussingault,  and  of  Regnault  As  the  older 
work  has  some  historical  value,  I  may  in  passing  just  cite 
its  results.  For  the  density  of  hydrogen  we  have  .0769, 
Lavoisier ;  .0693,  Thomson ;  .092,  Cavendish ;  .0732,  Biot 
and  Arago ;  ,0688,  Dulong  and  Berzelius.  For  oxygen  there 
are  the  following  determinations :  1.087,  Fourcroy,  Vauque- 
Im,  and  S6gum;  1.103,  Kirwan;  1.128,  Davy;  1.088,  Allen 
and  Pepys;  1.1036,  Biot  and  Arago;  1.1117,  Thomson; 
1.1056,  De  Saussure;  1.1026,  Dulong  and  Berzelius;  1.106, 
BuflF;  1.1052,  Wrede.* 

In  1841  Dumas  and  Boussingaultf  published  their  deter- 
minations of  gaseous  densities.  For  hydrogen  they  obtained 
values  ranging  from  .0691  to  .0695 ;  but  beyond  this  mere 
statement  they  give  no  details.  For  oxygen  three  determi- 
nations were  made,  with  the  following  results : 

I.  loss 
1.1058 
I. 1057 

Mean,  1. 10567,  ±  .00006 

If  we  take  the  two  extreme  values  given  above  for  hydro- 
gen, and  regard  them  as  the  entire  series,  they  give  us  a 
mean  of  .0693,  zt  .00013. 

This  mean  hydrogen  value,  combined  with  the  mean 
oxygen  value,  gives  for  the  atomic  weight  of  the  latter  ele- 
ment the  number  15.9538,  =fc  .031. 

Regnault's  researches,  published  four  years  later,t  were  of 

*  For  Wrede*s  work,  see  Berzelius'  Jahresbericht  for  1843.  For  Dulong  and 
Berzelius,  see  the  paper  already  cited.  All  the  other  determinations  are  taken 
fipom  Gmelin's  Handbook,  Cavendish  edition,  v.  i,  p.  279. 

f  Compt.  Rend.,  12, 1005.     Compare  also  with  Dumas,  Compt.  Rend.,  14,  537. 

X  Compt.  Rend.,  20,  975. 
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a  more  satisfactory  kind.  Indeed,  they  are  among  the 
classics  of  physical  science ;  and  probably  approach  as  near 
to  absolute  accuracy  as  is  possible  for  experiment. 

For  hydrogen  three  determinations  of  density  gave  the 
following  results : 

.06923 

.06932 

.06924 


Mean,  .069263,  dz  .000019 

For  oxygen  four  determinations  were  made,  but  in  the 
first  one  the  gas  was  contaminated  by  traces  of  hydrogen, 
and  the  value  obtained,  1.10525;  was,  therefore,  rejected  by 
Renault  as  too  low.    The  other  three  are  as  follows  : 

1.10561 

1. 10564 

1. 10565 


Mean,  1. 105633,  db  .000008 

Now,  combining  the  hydrogen  and  oxygen  series,  we  have 
for  the  atomic  weight  of  oxygen,  15.9628,  ±  .0044.* 

Upon  combining  the  result  of  Renault's  work  with  that 
from  Dumas  and  Boussingault's  we  get  the  following  value : 

From  Dumas  and  Boossingault .  O  =  15.9538,  ±  .031 

From  Regnault O  =  15.9628,  ±  .0044 


General  mean ^ O  =  15.9627,  ±  .0043 

This  result,  it  will  be  seen,  agrees  remarkably  well  with 
that  obtained  in  the  experiments  upon  the  synthesis  of 
water. 

*  Since  these  computations  were  made,  Professor  John  Le  Conte  has  called  my 
attention  to  the  existence  of  slight  numerical  errors  in  Regnault*s  own  reductions. 
As  corrected  by  Le  Conte,  Regnault's  figures  give  1.105612  for  the  density  of 
oxygen,  and  0.069269  for  that  of  hydrogen.  Hence  the  atomic  weight  of  O  be- 
comes 15.961 1,  instead  of  15.9628.  The  difference  is  slight,  but  still  it  ought 
not  to  be  ignored.  All  the  computations  in  the  body  of  this  work,  having  been 
finished  before  I  received  Professor  Le  Conte's  figures,  must  stand,  nevertheless, 
as  they  are.  For  further  details  Le  Conte  refers  to  Phil.  Mag.,  (4,)  2/,  p.  29, 
1864;  and  also  to  the  Smithsonian  Report  for  1878,  p.  428. 
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The  third  method  mdicated  at  the  beginning  of  this  dis- 
cussion has  been  recently  employed  in  part  by  J.  Thomsen* 
of  Copenhagen.  Unfortunately  this  chemist  has  not  pub- 
lished the  details  of  his  work,  but  only  the  end  results. 
These  serve  to  confirm  the  values  for  oxygen  fixed  by  other 
methods,  but  they  cannot  well  be  included  in  the  systematic 
discussion.  Partly  by  the  oxidation  of  hydrogen  over 
heated  copper  oxide,  and  partly  by  itjf  direct  union  with 
oxygen,  Thomsen  finds  that  at  the  latitude  of  Copenhagen, 
and  at  sea  level,  one  litre  of  dry  hydrogen  at  0°  and  760 
mm.  pressure  will  form  .8041  gramme  of  water.  According 
to  Regnault,  at  this  latitude,  level,  temperature,  and  press- 
ure, a  litre  of  hydrogen  weighs  .08954  gramme.  From 
these  data,  0  =  15.9605.  It  will  be  seen  at  once  that  Thorn- 
sen's  work  depends  in  great  part  upon  that  of  Regnault, 
and  yet  that  it  affords  an  admirable  reinforcement  of  the 
latter. 

It  is  now  plain,  in  conclusion,  that  all  the  different  lines 
of  research  point  to  an  atomic  weight  for  oxygen  a  little 
below  16.00.  Five  distinct  investigations  confirm  each  other 
wonderfully.  Upon  combining  the  values  obtained  by  the 
two  chief  methods  we  get  the  following  final  results : 

From  synthesis  of  water O  =  15.9642,  ±  .0060 

From  gaseous  densities ^ O  =  15.9627,  di  •0043 

In  the  general  mean  the  atomic  weight  of  oxygen  be- 
comes 15.9633,  with  a  probable  error  of  =b  .0035.t 

*Ber.  d.  Deutsch.  Chem.  Geselbchaft,  1870,  s.  928. 

f  Le  Conte's  correction  of  Regnault's  figures  introduced  here  would  make  O  ss 
15.9622,  instead  of  15.9633.     Difference,  .0011. 
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SILVER,  POTASSIUM,  SODIUM,  CHLORINE, 
BROMINE,  IODINE,  AND  SULPHUR. 

The  atomic  weights  of  these  seven  elements  depend  upon 
each  other  to  so  great  an  extent  that  they  can  hardly  be 
considered  independently.  Indeed,  chlorine,  potassium,  and 
silver  have  always  been  mutually  determined.  From  the 
ratio  between  silver  and  chlorine,  the  ratio  between  silver 
and  potassium  chloride,  and  the  composition  of  potassium 
chlorate,  these  three  atomic  weights  were  first  accurately 
fixed.  Similar  ratios,  more  recently  worked  out  by  Stas 
and  others,  have  rendered  it  desirable  to  include  bromine, 
iodine,  sulphur,  and  sodium  in  the  same  general  discussion. 

Several  methods  of  determination  will  be  left  altogether 
out  of  account.  For  example,  in  1842  Marignac*  sought  to 
fix  the  atomic  weight  of  chlorine  by  estimating  the  quantity 
of  water  formed  when  hydrochloric  acid  gas  is  passed  over 
heated  oxide  of  copper.  His  results  were  wholly  inaccu- 
rate, and  need  no  further  mention  here.  A  little  later  Lau- 
rentt  redetermined  the  same  constant  from  the  analysis  of 
a  chlorinated  derivative  of  naphthalene.  This  method  did 
not  admit  of  extreme  accuracy,  and  it  presupposed  a  knowl- 
edge of  the  atomic  weight  of  carbon;  hence  it  may  be  prop- 
erly disregarded.  Maumen^'sJ  analyses  of  the  oxalate  and 
acetate  of  silver  gave  good  r^ults  for  the  atomic  weight  of 
that  metal ;  but  they  also  depend  for  their  value  upon  our 
knowledge  of  carbon,  and  will,  therefore,  be  discussed  fur- 
ther on  with  reference  to  that  element. 

Let  us  now  consider  the  ratios  upon  which  we  must  rely 
for  ascertaining  the  atomic  weights  of  the  seven  elements  in 
question.  After  we  have  properly  arranged  our  data  we 
may  then  discuss  their  meaning.    First  in  order  we  may 

*Compt  Rend.»  14,  570.     Also,  Joum.  f.  Prakt.  Chem.,  26,  304. 
fCompt.  Rend.,  14,  456.     Joum.  f.  Prakt.  Chem.,  26,  307. 
t  Ann.  d.  Chim.  et  d.  Phys.,  (3,)  18,  41.     1846. 
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conveniently  take  up  the  percentage  of  potassium  chloride 
obtainable  from  the  chlorate. 

The  first  reliable  series  of  experiments  to  determine  this 
percentage  was  made  by  Berzelius.*  All  the  earlier  estima- 
tions were  vitiated  by  the  fact  that  when  potassium  chlo- 
rate is  ignited  under  ordinary  circumstances  a  little  solid 
material  is  mechanically  carried  away  with  the  oxygen  gas. 
Minute  portions  of  the  substance  may  even  be  actually  vol- 
atilized. These  sources  of  loss  were  avoided  by  Berzelius, 
who  devised  means  for  collecting  and  weighi^ag  this  trace 
of  potassium  chloride.  All  the  successors  of  Berzelius  in 
this  work  have  benefitted  by  his  example;  although  for  the 
methods  by  which  loss  has  been  prevented  we  must  refer  to 
the  original  papers  of  the  several  investigators.  In  short, 
then,  Berzelius  ignited  potassium  chlorate,  and  determined 
the  percentage  of  chloride  which  remained.  Four  experi- 
ments gave  the  following  results  : 

60.854 
60.850 
60.850 
60.851 


Mean,  60.851,  with  a  probable  error  of  ±  .0006 

The  next  series  was  made  by  Penny ,t  in  England,  who 
worked  after  a  somewhat  different  method.  He  treated  po- 
tassium chlorate  with  strong  hydrochloric  acid  in  a  weighed 
flask,  evaporated  to  dryness  over  a  sand  bath,  and  then 
found  the  weight  of  the  chloride  thus  obtained.  His  results 
are  as  follows,  in  six  trials : 

60.825 
60.822 
60.815 
60.820 
60.823 
60.830 


Mean,  60.8225,  d=  .0014 


*Poggend.  Annalen,  1826,  bd.  8,  s.  i. 
t  Phil.  Transactions,  1839,  p.  20. 
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In  1842  Pelouze*  made  three  estimations  by  the  ignition 
of  the  chlorate,  with  these  results : 

60.843 
60.857 
60.830 

Mean,  60.843,  ±  -0053 

Marignac,  in  1842,t  worked  with  several  diflferent  recrys- 
tallizations  of  the  commercial  chlorate.  He  ignited  the 
salt,  with  the  usual  precautions  for  collecting  the  material 
carried  oflf  mechanically,  and  also  examined  the  gas  which 
was  evolved.  He  found  that  the  oxygen  from  50  grammes 
of  chlorate  contained  chlorine  enough  to  form  .003  gramme 
of  silver  chloride.  Here  are  the  percentages  foimd  by  Ma- 
rignac : 

In  chlorate  once  crystallized 60.845 

In  chlorate  once  crystallized 60.835 

In  chlorate  twice  oystallized. 60.833  ' 

In  chlorate  twice  crystallized 60.844 

In  chlorate  three  times  crjrstallized 60.839 

In  chlorate  four  times  crystallized 60. 839 

Mean,  60.8392,  ±  .0013 

In  the  same  paper  Marignac  describes  a  similar  series  of 
experiments  made  upon  potassium  perchlorate,  KCIO4.  In 
three  experiments  it  was  found  that  the  salt  was  not  quite 
free  from  chlorate,  and  in  three  more  it  contained  traces  of 
iron.  A  single  determination  upon  very  pure  material  gave 
46.187  per  cent,  of  oxygen  and  53.813  of  residue. 

In  1845  two  series  of  experiments  were  published  by 
Gerhardtf    The  first,  made  in  the  usual  way,  gave  these 

results: 

60.871 
60.881 
60.875 

Mean,  60.8757,  zfc  .0020 

*  Compt.  Rend.,  15,  959. 

f  Ann.  d.  Chem.  u.  Pharm.,  bd.  44,  s.  18. 

X  Compt.  Rend.,  21,  1280. 
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In  the  second  series  the  oxygen  was  passed  through  a 
weighed  tube  containing  moist  cotton,  and  another  filled 
with  pumice  stone  and  sulphuric  acid.  Particles  were  thus 
collected  which  in  the  eariier  series  escaped.  From  these 
experiments  we  get — 

60.947 
60.947 
60.952 


Mean,  60.9487,  ±  .ooii 

These  last  results  were  afterwards  sharply  criticized  by 
Marignac,*  and  their  value  sieriously  questioned. 

The  next  series,  in  order  of  time,  is  due  to  Maumene.f 
This  chemist  supposed  that  particles  of  chlorate,  mechani- 
cally carried  away,  might  continue  to  exist  as  chlorate,  un- 
decomposed ;  and  hence  that  all  previous  series  of  experi- 
ments might  give  too  high  a  value  to  the  residual  chloride. 
In  his  determinations,  therefore,  the  ignition  tube,  after 
expulsion  of  the  oxygen,  was  uniformly  heated  in  all  its 
parts.    Here  are  his  percentages  of  residue : 

60.788 
60.790 
60.793 
60.791 
60.785 
60.79s 
60.795 


Mean,  60.791,  d=  .0009 

The  question  which  most  naturally  arises  in  connection 
with  these  results  is,  whether  portions  of  chloride  may  not 
have  been  volatilized,  and  so  lost. 

Closely  following  Maumen^'s  paper  there  is  a  short  note 
by  Faget,t  giving  certain  mean  results.  According  to  this 
chemist,  when  potassium  chlorate  is  ignited  slowly,  we  get 

*  Supp.  Bibl.  Univ.  de  Geneve,  Vol.  I. 

t  Ann.  d.  Chim.  et  d.  Phys.,  (3,)  18,  71.     1846. 

t  Ann.  d.  Chim.  et  d.  Phys.,  (3,)  18,  80.     1846. 
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60.847  per  cent,  of  residue.  When  the  ignition  is  rapid,  we 
get  60.942.  As  no  detailed  experiments  are  given,  these 
figures  can  have  no  part  in  our  discussion. 

Last  of  all  we  have  two  series  determined  by  Stas.*  In 
the  first  series  we  have  the  results  obtained  by  igniting  the 
chlorate.  In  the  second  series  the  chlorate  was  reduced  by 
strong  hydrochloric  acid,  after  the  method  followed  by 
Penny : 

First  Series. 
60.8380 
60.8395 
60.8440 

60.8473 
60.8450 

Mean,  60.84276,  d=  .0012 

Second  Series, 
60.850 
60.853 
60.844 


Mean,  60.849,  =b  .0017 

In  these  experiments  every  conceivable  precaution  was 
taken  to  avoid  error  and  ensure  accuracy.  All  weighings 
were  reduced  to  a  vacuum  standard ;  from  70  to  142 
grammes  of  chlorate  were  used  in  each  experiment;  and 
the  chlorine  carried  away  with  the  oxygen  in  the  first  series 
was  absorbed  by  finely  divided  silver  and  estimated.  It  is 
difficult  to  see  how  any  error  could,  have  crept  in. 

Now,  to  combine  these  diflferent  series  of  experiments. 

Beaelins,  mean  result 60.851,    ±.0006 

60.8225,  ±  .0014 

6o.843»    ±0053 

. 60.8392,  ±  .0013 

— 60.8757,  ±  .0020 

60.9487,  it  .0011 

-_ 60.791,    ±.0009 

60.8428,  zb  .OOI2 

60.849,    ±-0017 


Penny, 
Pelouze, 
Marignac, 
Gerhardt,  1st 

2d 
Maumeni, 
Stas,         1st 

2d 


General  mean,  from  all  nine  series,  representing  forty 

experiments ! 60.846,    ±.00038 

*  See  Aronstein's  Translation,  p.  249. 
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This  value  is  exactly  that  which  Stas  deduced  from  both 
of  his  own  series  combined,  and  gives  great  emphasis  to  his 
wonderfully  accurate  work.  It  also  finely  illustrates  the 
compensation  of  errors  which  occurs  in  combining  the  fig- 
ures of  diflerent  experimenters. 

Similar  analyses  of  silver  chlorate  have  been  made  by 
Marignac  and  by  Stas.  Marignac's  figures  I  have  not  been 
able  to  find,*  and  Stas  gives  but  two  experiments.  The  fol- 
lowing are  his  percentages  of  oxygen  in  silver  chlorate  :t 


Mean,  25.0795,  ±  .0010 

For  the  direct  ratio  between  silver  and  chlorme  there  are 
seven  available  series  of  experiments.  Here,  as  in  many 
other  ratios,  the  first  reliable  work  was  done  by  Berzelius.^ 

He  made  three  estimations,  using  each  time  twenty 
grammes  of  pure  silver.  This  was  dissolved  in  nitric  acid. 
In  the  first  experiment  the  silver  chloride  was  precipitated 
and  collected  on  a  filter.  In  the  second  and  third  experi- 
ments the  solution  was  mixed  with  hydrochloric  acid  in  a 
flask,  evaporated  to  dryness,  and  the  residue  then  fiised  and 
weighed  without  transfer.  One  hundred  parts  of  silver 
formed  of  chloride : 

*  Since  all  the  calculations  were  finished  I  have  secured  a  copy  of  Marignac's 
figures.  They  are  as  follows :  The  third  column  gives  the  percentage  of  O  in 
AgClO,. 

24.510  grm.  AgClO,  gave  18.3616  AgCl.  25.103 

25.809  "  "  19-3345     "  25.086 

30.306  •*  "  22.7072     "  25,074 

28.358  "  **  21.2453      "  25.082 

28.287  "  •*  21.1833     "  25.113 

57.170  "  "  42.8366     *«  25.072 


Mean,  25.088,  db  .0044 
The  introduction  of  these  figures  into  the  subsequent  calculations  could  not 
produce  any  appreciable  result.     They  would  practically  vanish  from  the  general 
mean.     However,  they  serve  here  as  confirmation  of  Stas'  work. 
f  Aronstein's  Translation,  p.  214. 
X  Thomson's  Annals  of  Philosophy,  1820,  v.  15,  p.  89. 
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132.700 
132.780 
132.790 

Mean,  132.757,  ±  .019 

Turner's  work*  closely  resembles  that  of  Berzelius.  Silver 
was  dissolved  in  nitric  acid  and  precipitated  as  .chloride. 
In  experiments  one,  two,  and  three  the  mixture  was  evapo- 
rated and  the  residue  fused.  In  experiment  four  the  chlo- 
ride was  collected  on  a  filter.  A  fifth  experiment  was 
made,  but  has  been  rejected  as  worthless. 

The  results  were  as  follows :  In  a  third  column  I  put  the 
quantity  of  AgCl  proportional  to  100  parts  of  Ag. 

28.407  grains  Ag  gave  37-737  AgQ.  132.844 

41.917        "  «*        55-678     "  132.829 

40.006        "  "        53.143     "  132.837 

30.922        "  "        41.070     *«  132.818 

Mean,  132.832,  ±  .0038 

The  same  general  method  of  dissolving  silver  in  nitric 
acid,  precipitating,  evaporating,  and  fusing  without  transfer 
of  material  was  also  adopted  by  Penny .f  His  results  for 
100  parts  of  silver  are  as  follows,  in  parts  of  chloride: 

132.836 
132.840 
132.830 
*  132.840 
132.840 
132.830 
132.838 


Mean,  132.8363,  dt  .0012 

In  1842  MarignacJ  found  that  100  parts  of  silver  formed 
132.74  of  chloride,  but  gave  no  available  details.    Later,|| 

*  Phil.  Transactions,  1829,  291. 

t  Phil.  Transactions,  1839,  28. 

}  Ann.  Chem.  Pharm.,  44,  21. 

I  See  Berzelius*  Lehrbuch,  5th  Ed.,  Vol.  3,  pp.  1192,  1193. 
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in  another  series  of  determinations,  he  is  more  explicit,  and 
gives  the  following  data :  The  weighings  were  reduced  to 
a  vacuum  standard. 

79.853  gnn.  Ag  gave  106.080  AgP.  Ratio,  132.844 

69.905             "              92.864     «  132843 

64.905        *     "              86.210     "  132.825 

92.362             "            122.693     "  132.839 

99.653             "            132.383     "  132.844 

Mean,  132.839,  ±  .0024 

The  above  series  all  represent  the  synthesis  of  silver  chlo- 
ride. Maumene*  made  analyses  of  the  compound,  reducing 
it  to  metal  in  a  current  of  hydrogen.  His  experiments 
make  100  parts  of  silver  equivalent  to  chloride : 

132.734 
132.754 
132.724 
132.729 
132.741 


Mean,  132.7364,  d:  .0077 

By  Dumasf  we  have  the  following  estimations : 

9.954  Ag  gave  13.227  AgQ.  Ratio,  132.882 

19.976        '*        26.542     "  132.869 


Mean,  132.8755,  ifc  .0044 

Finally,  there  are  seven  determinations  by  Stas,t  made 
with  his  usual  accuracy  and  with  every  precaution  against 
error.  In  the  first,  second,  and  third,  silver  was  heated  in 
chlorine  gas,  and  the  synthesis  of  silver  chloride  thus 
effected  directly.  In  the  fourth  and  fifth  silver  was  dis- 
solved in  nitric  acid,  and  the  chloride  thrown  down  by 
passing  hydrochloric  acid  gas  over  the  surface  of  the  solution. 
The  whole  Was  then  evaporated  in  the  same  vessel,  and  the 
chloride  fused,  first  in  an  atmosphere  of  hydrochloric  acid, 

♦Ann.  d.  Chim.  et  d.  Phys.,  (3,)  18,  49.     1846. 
t  Ann.  Chem.  Pharm.,  113,  21.     i860. 
X  Aronstein's  Translation,  p.  171. 
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and  then  in  a  stream  of  air.  The  sixth  synthesis  was  simi- 
lar to  these,  only  the  nitric  solution  was  precipitated  by 
hydrochloric  acid  in  slight  excess,  and  the  chloride  thrown 
down  was  washed  by  repeated  decantation.  All  the  de- 
canted liquids  were  afterwards  evaporated  to  dryness,  and 
the  trace  of  chloride  thus  recovered  was  estimated  in  addi- 
tion to  the  main  mass.  The  latter  was  fused  in  an  atmos- 
phere of  HQ.  The  seventh  experiment  was  like  the  sixth, 
only  ammonium  chloride  was  used  instead  of  hydrochloric 
acid.  From  98.3  to  399.7  grammes  of  silver  were  used  in 
each  experiment,  the  operations  were  performed  chiefly  in 
the  dark,  and  all  weighings  were  reduced  to  vacuum*.  In 
every  case  the  chloride  obtained  was  beautifully  white. 
The  following  are  the  results  in  chloride  for  100  of  silver : 

132.841 
132.843 
132843 
132.849 
132.846 
132.848 
122.8417 

Mean,  132.8445,  d=  .0008 

We  may  now  combine  the  means  of  these  seven  series, 
representing  in  all  thirty-three  experiments.  One  hundred 
parts  of  silver  are  equivalent  to  chlorine,  as  follows : 

Berzelius 32.757,    ±  .0190 

Turner 32.832,    ±.0038 

Penny 32.8363,  ±  .0012 

Marignac 32.839,    d=  .c»24 

Maumen^ 32.7364,  d=  .0077 

Dumas 32.8755»  ±  -^H* 

Stas 32.8445,  ±  .ocx)8 

General  mean 32.8418,  ±  .0006 

Here,  again,  we  have  a  fine  example  of  the  evident  com- 
pensation of  errors  among  different  series  of  experiments. 
We  have  also  another  tribute  to  the  accuracy  of  Stas,  since 
this  general  mean  varies  from  the  mean  of  his  results  only 
within  the  limits  of  his  own  variations. 
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The  ratio  between  silver  and  potassium  chloride,  or,  in 
other  words,  the  weight  of  silver  in  nitric  acid  solution 
which  can  be  precipitated  by  a  known  weight  of  KCl,  has 
been  fixed  by  Marignac  and  by  Stas.  Marignac,*  reducing 
all  weighings^ to  vacuum,  obtained  these  results.  In  the 
third  column  I  give  the  weight  of  KCl  proportional  to  100 
parts  of  Ag. 

4.7238  gnn.  Ag=  3.2626  KQ.       69.067 


21.725 

it 

15.001 

« 

69.050 

21.759 

tt 

15.028 

« 

69.066 

21.909 

« 

15- 131 

tt 

69.063 

22.032 

« 

15.216 

tt 

69.063 

25.122 

M 

17.350 

it 

Mean 

69.063 

69.062,  ±  .0017 

Stas'  experiments  upon  this  ratio  may  be  divided  into  two 
series.f  In  the  first  series  the  silver  was  slightly  impure, 
but  the  impurity  was  of  known  quantity,  and  corrections 
could  therefore  be  applied.  In  the  second  series  pure  silver 
was  employed.  The  potassium  chloride  was  from  several 
diflFerent  sources,  and  in  every  case  was  purified  with  the 
utmost  care.  From  10.8  to  32.4  grammes  of  silver  were 
taken  in  each  experiment,  and  the  weighings  were  reduced 
to  vacuum.  The  method  of  operation  was,  in  brief,  as  fol- 
lows: A  definite  weight  of  potassium  chloride  was  taken, 
and  the  exact  quantity  of  silver  necessary,  according  to 
Front's  hypothesis,  to  balance  it  was  also  weighed  out.  The 
metal,  with  suitable  precautions,  was  dissolved  in  nitric 
acid,  and  the  solution  mixed  with  that  of  the  chloride. 
After  double  decomposition  the  trifling  excess  of  silver  re- 
maining in  the  liquid  was  determined  by  titration  with  a 
normal  solution  of  potassium  chloride.  One  hundred  parts 
of  silver  required  the  following  of  KCl : 


*  See  Berzelius*  Lehrbuch,  5th  edition,  Vol.  3,  pp.  1192,  1193. 
f  Aronstem*s  Translation,  pp.  250-257. 
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First  Series.  " 
69.105 
69.104 
69.103 
69.104 
69.102 


Mean,  69. 1036,  ±  .0003 

Second  Series. 
69.105 
69.099 
69.107 
69.103 
69.103 
69.105 
69.104 
69.099 
69.1034 
69.104 
69.103 
69.102 
69.104 
69.104 
69.105 
69.103 
69,101 
60.105 
69.103 


Mean,  69. 1033,  dr  .0003 

Now,  combining  the  three  series,  with  their  thirty  experi- 
ments, we  get  the  following  : 

Marignac 69.062,    ±  .0017 

Stas,  1st  series 69.1036,  ±  .0003 

Stas,  2d  series 69.1033,  ±  .0003 

General  mean. 69.1032,  i  .0002 

The  quantity  of  silver  chloride  which  can  be  formed  from 
a  known  weight  of  potassium  chloride  has  also  been  deter- 
mined by  Berzelius,  Marignac,  and  Maumene.  Berzelius* 
found  that  100  parts  of  KCl  were  equivalent  to  194.2  of 

*  Poggend.  Annal.,  8,  i.     1826. 
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AgCl ;  a  value  which,  corrected  for  weighings  in  air,  be- 
comes 192.32.  This  experiment  will  not  be  included  in  our 
discussion. 

In  1842  Marignac*  published  two  determinations,  with 
these  results  from  100  KCl  : 

192-33 

192.34 

Mean,  corrected  for  weighing  in  air,  192.26,  d=  .003 

In  1846  Marignacf  published  another  set  of  results,  as 
follows.  The  weighings  were  reduced  to  vacuum.  The 
usual  ratio  is  in  the  third  column. 

17.034  grm.  KCl  gave  32.761  AgCl.  192.327 

14-427  "  27.749     "  192.341 

15.028  "  28.910     "  192.374 

15.131  «  29.102     "  192.334 

15.216  "  29.271      "  192.370 

Mean,  192.349^,  ±  .006 

Three  estimations  of  the  same  ratio  were  also  made  by 
Maumen6,I  as  follows : 

10.700  grm.  KCl  gave  20.627  AgCl.  192.776 

10.5195  **  20.273     "  192.716 

8.587  "  16.556     "  192.803 

Mean,  192.765,  ±:  .017 

The  three  series  of  ten  experiments  in  all  foot  up  thus: 

Marignac,  1842 192.260,  ±:  .003 

"         1846 192.349,  zt  .006 

Maumen6 192.765,  ±  .017 

General  mean 192.294,  d=  .0029 

These  figures  show  clearly  that  the  ratio  which  they  rep- 
resent is  not  of  very  high  importance.  It  might  be  rejected 
altogether  without  impropriety,  and  is  only  retained  for  the 

♦Ann.  Chem.  Pharm.,  44,  21.     1842. 

f  Berzelius*  Lehrbuch,  5th  Ed.,  Vol.  3,  pp.  1192,  1193. 

X  Ann.  d.  Chim.  et  d.  Phys.,  (3,)  18,  41.     1846. 
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sake  of  completeness.    It  will  obviously  receive  but  little 
weight  in  our  final  discussion. 

In  estimating  the  atomic  weight  of  bromine  the  earlier 
experiments  of  Balard,  Berzelius,  Liebig,  and  Lowig  may  all 
be  rejected/  Their  results  were  all  far  too  low,  probably  be- 
cause chlorine  was  present  as  an  impurity  in  the  materials 
employed.  Wallace's  determinations,  based  upon  the  anal- 
ysis of  arsenic  tribromide,  are  tolerably  good,  but  need  not 
be  considered  here.  In  the  present  state  of  our  knowledge, 
Wallace's  analyses  are  better  fitted  for  fixing  the  atomic 
weight  of  arsenic,  and  will,  therefore,  be  discussed  with  ref- 
ference  to  that  element. 

The  ratios  with  which  we  now  have  to  deal  are  closely 
similar  to  those  involving  chlorine.  In  the  first  place  there 
are  the  analyses  of  silver  bromate  by  Stas.*  In  two  careful 
experiments  he  found  in  this  salt  the  foUoMring  percentages 
of  oxygen : 

20.351 
20.347 


Mean,  20.349,  db  .0014 

There  are  also  four  analyses  of  potassium  bromate  by 
Marignac-t  The  salt  was  heated,  and  the  percentage  loss  of 
oxygen  determined.  The  residual  bromide  was  feebly  alka- 
line. We  cannot  place  much  reliance  upon  this  series. 
The  results  are  as  follows : 

28.7016 
28.6496 
28.6050 
28.7460 


Mean,  28.6755,  ±  -0207 

When  silver  bromide  is  heated  in  chlorine  gas,  silver 
chloride  is  formed.    In  1860  DumasJ  employed  this  method 

*  Aronstein's  Translation,  pp.  200-206. 

t  See  E.  Mulder's  Overzigt,  p.  117 ;  or  Berzelius'  Jahresbericht,  24,  72. 

I  Ann.  Chem.  Pharm.,  113,  20. 
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for  estimating  the  atomic  weight  of  bromine.  His  r^ulte 
are  as  follows :  In  the  third  column  I  give  the  weight  of 
AgBr  equivalent  to  100  parts  t{  AgCl. 

2.028  grm.  AgBr  gave  1.547  AgCl.  131.092 

4-237  "  3-235     "  130-974 

5.769  «  4.403     "  131.024 


Mean»  131.030,  ±  .023 

This  series  is  evidently  of  but  little  value. 

But  the  two  ratios  upon  which,  in  connection  with  Stas' 
analyses  of  silver  bromate,  the  atomic  weight  of  bromine 
chiefly  depends  are  those  which  connect  silver  with  the 
latter  element  directly  and  silver  with  potassium  bromide. 

Marignac,*  to  eflfect  the  synthesis  of  silver  bromide,  dis- 
solved the  metal  in  nitric  acid,  precipitated  the  solution 
with  potassium  bromide,  washed,  dried,  fused,  and  weighed 
the  product.  The  following  quantities  of  bromine  were 
found  proportional  to  100  parts  of  silver  : 

74.072 

74.055 
74.066 


Mean,  reduced  to  a  vacuum  standard,  74.077,  ±  .003 

Much  more  elaborate  determinations  of  this  ratio  are  due 
to  Stas.t  In  one  experiment  a  known  weight  of  silver  was 
converted  into  nitrate,  and  precipitated  in  the  same  vessel 
by  pure  hydrobromic  acid.  The  resulting  bromide  was 
washed  thoroughly,  dried,  and  weighed.  In  four  other 
estimations  the  silver  was  converted  into  sulphate.  Then  a 
known  quantity  of  pure  bromine,  as  nearly  as  possible  the 
exact  amount  necessary  to  precipitate  the  silver,  was  trans- 
formed into  hydrobromic  acid.  This  was  added  to  the 
dilute  solution  of  the  sulphate,  and,  after  precipitation  was 
complete,  the  minute  trace  of  an  excess  of  silver  in  the  clear 
supernatant  fluid  was  determined.    All  weighings  were  re- 

*  E.  Mulder's  Overzigt,  p.  116.     Berzelius'  Jahresbericht,  24,  72. 
f  Aronstein's  Translation,  pp.  154-170. 
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duced  to  a  vacuum.  From  these  experiments,  taking  both 
series  as  one,  we  get  the  following  quantities  of  bromine 
corresponding  to  100  parts  of  silver : 

74.0830 


74.0790 

74.0795 
74.0805 
74.0830 


Mean,  74.081,  ±  .0006 

Combining  this  with  Marignac's  result,  74.077,  -b  .003,  we 
get  as  a  general  mean  the  value  74.0809,  zh  .0006.* 

The  ratio  between  silver  and  potassium  bromide  was  first 
accurately  determined  by  Marignac.f  I  give,  with  his 
weighings,  the  quantity  of  KBr  proportional  to  100  parts  of 
Ag: 


2.131  gnn 

.Ag  = 

2.351  ] 

KBr. 

110.324 

2.559 

ti 

2.823 

« 

1 10.316 

2.447 

it 

2.700 

« 

110.339 

3.025 

« 

3.336 

it 

110.283 

3-946 

« 

4.353 

tt 

1 10.314 

11.569 

«♦' 

12.763 

ft 

1 10.321 

20.120 

(( 

22.191 

ft 

110.293 

Mean,  corrected  for  weighing  in  air,  1 10.343,  d=  .005 

Stas,J  working  in  essentially  the  same  manner  as  when 
he  fixed  the  ratio  between  potassium  chloride  and  silver, 
obtained  the  following  results : 


♦O.  W.  Huntington,  in  his  paper  upon  the  atomic  weight  of  cadmium,  (Amer. 
Acad.  Proc.,  1881,)  gives  three  analyses  and  three  syntheses  of  silver  bromide. 
These  give  a  mean  value  of  Ag  :  Br  : :  100  :  74.064.  This  figure  I  record  here 
m  order  that  other  chemists  may  not  overlook  the  work  of  Mr.  Huntington, 
although  it  came  out  too  late  for  use  in  my  own  calculations. 

t  E.  Mulder's  Overzigt,  p.  116.     Berzelius*  Jahresbericht,  24,  72. 

X  Aronstein's  Translation,  pp.  334-347. 
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110.361 
110.360 
110.360 
110.342 
110.346 
110.338 
110.360 
110.336 

110.344 
110.332 
"O.343 
110.357 
110.334 
"O.335 

Mean,  110.3463,  ±  .0020 

Combining  this  with  Marignac's  mean  result,  110.343,  zh 
.005,  we  get  a  general  mean  of  110.3459,  ±  .0019. 

The  ratios  upon  which  we  must  depend  for  the  atomic 
weight  of  iodine  are  exactly  parallel  to  those  used  for  the 
determination  of  bromine. 

To  begin  with,  the  percentage  of  oxygen  in  potassium 
iodate  has  been  determined  by  Millon.*  In  three  experi- 
ments he  found : 

22.46 
22.49 
22.47 


Mean,  22.473,  ±  '^5 

Millon  also  estimated  the  oxygen  in  silver  iodate,  getting 
the  following  percentages : 

17.05 

17.03 
17.06 


Mean,  17.047,  ±  .005 

The  analysis  of  silver  iodate  has  also  been  performed  with 
extreme  care  by  Stas.t    From  76  to  157  grammes  were  used 

*  Ann.  d.  Chim.  et  d.  Phys.,  (3,)  9,  400.     1843. 
f  Aronsteins'  Translation,  pp.  179-200. 
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in  each  experiment,  the  weights  being  reduced  to  a  vacuum 
standard.  As  the  salt  could  not  be  prepared  in  an  abso- 
lutely anhydrous  condition,  the  water  expelled  in  each 
analysis  was  accurately  estimated  and  the  necessary  correc- 
tions applied.  In  two  of  the  experiments  the  iodate  was 
decomposed  by  heat,  and  the  oxygen  given  oflF  was  fixed 
upon  a  weighed  quantity  of  copper  heated  to  redness. 
Thus  the  actual  weights,  both  of  the  oxygen  and  the  resid- 
ual iodide,  were  obtained.  In  a  third  experiment  the  iodate 
was  reduced  to  iodide  by  a  solution  of  sulphurous  acid,  and 
the  oxygen  was  estimated  only  by  diflFerence.  In  the  three 
percentages  of  oxygen  given  below  the  result  of  this  analysis 
comes  last.    The  figures  for  oxygen  are  as  follows : 

16.976 
16.972 
16.9761 


Mean,  16.9747,  ±  .0009 

This,  combined  with  Millon's  series  above  cited,  gives  us 
a  general  mean  of  16.9771,  ±  .0009. 

The  ratio  between  silver  and  potassium  iodide  seems  to 
have  been  determined  only  by  Marignac,*  and  without  re- 
markable accuracy.  In  five  experiments  100  parts  of  silver 
-were  foimd  equivalent  to  potassium  iodide  as  follows : 


1.616  gnn.'Ag  = 

2.483  KI. 

Ratio,  153.651 

2.503 

3.846  " 

"   153.665 

3427 

5.268  " 

"   152.720 

2. 141     " 

3.290  " 

"   153.667 

10.821     " 

16.642  " 

"   153.794 

Mean,  153.6994,  ±  .0178 

The  synthesis  of  silver  iodide  has  been  eflfected  by  both 
Marignac  and  Stas.  Marignac,  in  the  paper  above  cited, 
gives  these  weighings.  In  the  last  coliunn  I  add  the  ratio 
between  iodine  and  100  parts  of  silver : 

15.000  grm.  Aggave  32.625  Agl.  117.500 

14.790  "  32.170     "  1 17.512 

18.545  "  40.339     "  "7.519 

Mean,  corrected  for  weighing  in  air,  117.5335,  ±  .0036 
*  Berzelios'  Lehrbuch,  5th  Ed.,  3,  1196. 
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Stas*  in  his  experiments  worked  after  two  methods,  which 
gave,  however,  results  concordant  with  each  other  and  with 
those  of  Marignac.  ^  ^ 

In  the  first  series  of  experiments  Stas  converted  a*known 
weight  of  silver  into  nitrate,  and  then  precipitated  with 
pure  hydriodic  acid.  The  iodide  thus  thrown  down  was 
washed,  dried,  and  weighed  without  transfer.  By  this 
method  100  parts  of  silver  were  found  to  require  of  iodine : 

117.529 
"7-536 

Mean,  117.5325,  db  .0024 

In  the  second  series  a  complete  synthesis  of  silver  iodide 
from  known  weights  of  iodine  and  metal  was  performed. 
The  iodine  was  dissolved  in  a  solution  of  ammonium  sul- 
phite, and  thus  converted  into  ammonium  iodide.  The 
silver  was  transformed  into  sulphate  and  the  two  solutions 
mixed.  When  the  precipitate  of  silver  iodide  was  com- 
pletely deposited  the  supernatant  liquid  was  titrated  for  the 
trifling  excess  of  iodine  which  it  always  contained.  As  the 
two  elements  were  weighed  out  in  the  ratio  of  127  to  108, 
while  the  atomic  weight  of  iodine  is  probably  a  little  under 
127,  this  excess  is  easily  explained.  From  these  experi- 
ments two  sets  of  values  were  deduced;  one  from  the 
weights  of  silver  and  iodine  actually  employed,  the  other 
from  the  quantity  of  iodide  of  silver  collected.  From  the 
first  set  we  have  of  iodine  for  100  parts  of  silver  : 

117.5390 
117.5380 
117.5318 

117.5430 
117.5420 

117.5300 

Mean,  ii7.5373»  ±  0015 

From  the  weight  of  silver  iodide  actually  collected  we 


*  Aronstein*s  Translation,  pp.  136, 152. 
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get  as  follows.    For  experiment  number  three  in  the  above 
column  there  is  no  equivalent  here : 

117.529 

117.531 

117-539 

117.538 
117.530 

Mean,  ii7.5334»  ±  .0014 

Now,  (ibmbining  these  several  sets  of  results,  we  have  the 
following  general  mean : 

Marignac —  "7.5335»  ^  -^3^ 

Stas,  1st  series 117.5325,  ±  .0024 

"     2d      " 117.5373.^-0015 

"    3^     "     - 117-5334.  ±  .0014 

General  mean 1 17.5345.  ±  .0009 

One  other  comparatively  unimportant  iodine  ratio  re^ 
mains  for  us  to  notice.  Silver  iodide,  heated  in  a  stream  of 
chlorine,  becomes  converted  into  chloride;  and  the  ratio 
between  these  two  salts  has  been  thus  determined  by  Ber- 
zelius  and  by  Dumas. 

From  Berzelius*  we  have  the  following  data:  In  the 
third  column  I  give  the  ratio  between  Agl  and  100  parts  of 
AgCl. 

5.000  gnn.  Agl  gave  3.062  AgCl.  163.292 

12.212  "  7.4755     "  163.360 

Mean,  163.326,  d=  .023 

Dumas't  results  were  as  follows : 

3.520  gnn.  Agl  gave  2.149  AgCl.  163.793 

7.01 1  "  4.281       "  163.770 

Mean,  163.782,  ifc  .008 

General  mean  from   the   combination  of  both    series, 
163.733,  ±  .0076. 
We  now  come  to  the  ratios  connecting  sulphur  with  silver 

*  Ann.  d.  Chim.  et  d.  Phys.,  (2,)  40,  430.     1829. 
t  Ann.  Chem.  Pharm.,  113,  28.     i860. 
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and  chlorine.  Other  ratios  have  been  applied  to  the  deter- 
mination of  the  atomic  weight  of  sulphur,  but  they  are 
hardly  applicable  here.  The  earlier  results  of  Berzelius 
were  wholly  inaccurate,  and  his  later  experiments  upon  the 
synthesis  of  lead  sulphate  will  be  used  in  discussing  the 
atomic  weight  of  lead.  Erdmann  and  Marchand  deter- 
mined the  amount  of  calcium  sulphate  which  could  be 
formed  from  a  known  weight  of  pure  Iceland  spar;  and 
later  they  made  analyses  of  cinnabar,  in  order  to  fix  the 
value  of  sulphur  by  reference  to  calcium  and  to  mercury. 
Their  results  will  be  applied  in  this  discussion  towards  ascer- 
taining the  atomic  weights  of  the  metals  just  named.  For 
our  present  purposes  only  three  ratios  need  be  considered. 

First  in  order  let  us  take  up  the  composition  of  silver 
sulphide,  as  directly  determined  by  Dumas,  Stas,  and  Cooke. 
Dumas'*  experiments  were  made  with  sulphur  which  had 
been  thrice  distilled  and  twice  crystallized  from  carbon  di- 
sulphide.  A  known  weight  of  silver  was  heated  in  a  tube 
in  the  vapor  of  the  sulphur,  the  excess  of  the  latter  was  dis- 
tilled away  in  a  current  of  carbon  dioxide,  and  the  resulting 
silver  sulphide  was  weighed. 

I  subjoin  Dumas'  weighings,  and  also  the  quantity  of 
AgjS  proportional  to  100  parts  of  Ag,  as  deduced  from 
them: 


99393  gnn.  Ag  -  1.473    S. 

Ratio,  114.820 

9.962             "          1.4755  " 

"       1 14.81 1 

30.637              "          4.546     " 

»'       114.838 

30.936             "          4.586     " 

"       114.824 

30.720             "          4.554     " 

"       114.824 

Mean,  114.8234, 

±  .0029 

Dumas  used  from  ten  to  thirty  grammes  of  silver  in  each 
experiment.  Stas,t  however,  in  his  work,  employed  from 
sixty  to  two  hundred  and  fifty  grammes  at  a  time.  Three 
of  Stas'  determinations  were  made  by  Dumas'  method,  while 
in  the  other  two  the  sulphur  was  replaced  by  pure  sulphu- 

*  Ann.  Chem.  Pharm.,  113,  24.     i860 
t  Aronstein's  Translation,  p.  179. 
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retted  hydrogen.  In  all  cases  the  excess  of  sulphur  was  ex- 
pelled by  carbon  dioxide,  purified  with  scrupulous  care. 
Impurities  in  the  dioxide  may  cause  serious  error.  The 
five  results  come  out  as  follows  for  100  parts  of  silver : 

114.854 

114.853 
114.854 
1 14.851 
1 14.849 

Mean,  1 14.8522,  db  .0007 

The  experiments  made  by  Professor  Cooke*  with  reference 
to  this  ratio  were  only  incidental  to  his  elaborate  researches 
upon  the  atomic  weight  of  antimony.  They  are  interesting^ 
however,  for  two  reasons :  they  serve  to  illustrate  the  vola- 
tility of  silver,  and  they  represent,  not  syntheses,  but  reduc- 
tions of  the  sulphide  by  hydrogen.  Cooke  gives  three  series 
of  results.  In  the  first  the  silver  sulphide  was  long  heated 
to  full  redness  in  a  current  of  hydrogen.  Highly  concord- 
ant and  at  the  same  time  plainly  erroneous  figures  were  ob- 
tained ;  the  error  being  eventually  traced  to  the  fact  that 
some  of  the  reduced  silver,  although  not  heated  to  its  melt- 
ing point,  was  actually  volatilized  and  lost.  The  second 
series,  from  reductions  at  low  redness,  are  decidedly  better. 
In  the  third  series  the  sulphide  was  fully  reduced  below  a 
visible  red  heat.  Rejecting  the  first  series  we  have  from 
Cooke's  figures  in  the  other  two  the  subjoined  quantities  of 
sulphide  corresponding  to  100  parts  of  silver  : 


7.541 1  grm.  AgjS  lost  .9773  gnn.  S. 

Ratio,  114.889 

5.0364              "             .6524 

(( 

«       114.882 

2.5815             "             -3345 

tt 

"       114.886 

2.6130             «             .3387 

CI 

'*       114.892 

2.5724             "             .3334 

it 

"       1 14.891 
Mean,  114.888,  rh  .0012 

1. 1357  gnn.  Ag,S  lost  .1465  S. 

Ratio,  1 14.810 

1.2936             "             .1670  " 

"       114.823 
Mean,  1 14.8165,  d=  .0044 

*  Proc.  American  Acad,  of  Arts  and  Sciences,  v.  12.     1877. 
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Now,  combining  all  four  series,  we  get  the  following  re- 
sults: 

Dumas 114.8234,  rb  .0029 

Stas-_- '. 114.8522,  ±  .0007 

Cooke's  2d 114.888,    db  .0012 

"        3d 114.8165,  ifc  .0044 

General  mean 1 14.8581,  db  .0006 

Here  again  we  encounter  a  curious  and  instructive  com- 
pensation of  errors,  and  another  evidence  of  the  accuracy  of 
Stas.    . 

The  percentage  of  silver  in  silver  sulphate  has  been  de- 
termined by  Struve  and  by  Stas.  Struve*  reduced  the  sul- 
phate by  heating  in  a  current  of  hydrogen,  and  obtained 
these  results :  i 


I 


5.1860  gnn.  AgjSO^  gave  3.5910  grm.  Ag.        69.244  per  cent. 

6.0543  *'  4.1922        "  69.243        " 

8.6465  "  59858        "  '     69.228        " 

11.6460  "  8.0608        "  69.215        " 

9.1090  "  6.3045        **  69.212        " 

9.0669  "  6.2778        "  69.239        *' 

Mean,  69.230,  d=  .004 

Stas,t  working  by  essentially  the  same  method,  with  from 
56  to  83  grammes  of  sulphate  at  a  time,  found  these  per- 
centages : 

69.200 

69-197 
69.204 
69.209 
69.207 
69.202 

Mean,  69.203,  ±  .0012 

Combining  this  m^n  with  that  from  Struve's  series  we 
get  a  general  mean  of  69.205,  =t  .0011. 

*  Ann.  Chem.  Phann.,  80,  203.     185 1. 
f  Aronstein's  Translation,  pp.  214-218. 
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The  third  and  last  sulphur  ratio  with  which  we  have  now 
to  deal  is  one  of  minor  importance.  When  silver  chloride 
is  heated  in  a  current  of  sulphuretted  hydrogen  the  sul- 
phide is  formed.  This  reaction  was  applied  by  Berzelius* 
to  determining  the  atomic  weight  of  sulphur.  He  gives  the 
results  of  four  experiments ;  but  the  fourth  varies  so  widely 
from  the  others  that  I  have  rejected^ it.  I  have  reason  to 
believe  that  the  variation  is  due,  not  to  error  in  experiment, 
but  to  error  in  printing ;  nevertheless,  as  I  am  unable  to 
track  out  the  cause  of  the  mistake,  I  must  exclude  the  fig- 
ures involving  it  entirely  from  our  discussion. 

The  three  available  experiments,  however,  give  the  fol- 
lowing results :  The  last  column  contains  the  ratio  of  silver 
sulphide  to  100  parts  of  chloride. 

6.6075  gran-  AgQ  gave  5.715  gnn.  AgjS.         86.478 

9.2323  "  7.98325       "  86.471 

10.1775  "  8.80075       "  86.472 


Mean,  86.4737,  d:  .0015 

We  have  also  a  single  determination  of  this  value  by 
Svanberg  and  Struve.f  After  converting  the  chloride  into 
sulphide  they  dissolved  the  latter  in  nitric  acid.  A  trifling 
residue  of  chloride,  which  had  been  enclosed  in  sulphide, 
and  so  protected  against  change,  was  left  undissolved. 
Hence  a  slight  constant  error  probably  afifects  this  whole 
ratio.  The  experiment  of  Svanberg  and  Struve  gave  86.472 
per  cent,  of  silver  sulphide  derived  from  100  of  chloride. 
If  we  assign  this  figure  equal  weight  with  the  results  of 
Berzelius,  and  combine,  we  get  a  general  mean  of  86.4733, 
±.0011. 

For  sodium  there  are  but  two  ratios  of  any  definite  value 
for  present  purposes.  The  early  work  of  Berzelius  we  may 
disr^ard  entirely,  and  confine  ourselves  to  the  considera- 
tion of  the  results  obtained  by  Penny,  Pelouze,  Dumas,  and 
Stas. 

*  Berzelius*  Lehrbuch,  5th  Ed.,  Vol.  3,  p.  1187. 
f  Joum.  filr  Prakt.  Chem.,  44,  320.     1848. 
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The  percentage  of  oxygen  in  sodium  chlorate  has  been 
determined. only  by  Penny,*  who  used  the  same  method 
which  he  applied  to  the  potassium  salt.  Four  experiments 
gave  the  following  results : 

45.060 

45.075 
45.080 
45.067 


Mean,  45.0705,  4=  .0029 

The  ratio  between  silver  and  sodium  chloride  has  been 
fixed  by  Pelouze,  Dumas,  and  Stas.  Pelouzef  dissolved  a 
weighed  quantity  of  silver  in  nitric  acid,  and  then  titrated 
with  sodium  chloride.  Equivalent  to  100  parts  of  silver  he 
found  of  chloride : 

54.158 
54.125 
54.139 


Mean,  54. 141*  ±  .0063 

By  DumasJ  we  have  seven  experiments,  with  results  as 
follows :  The  third  column  gives  the  ratio  between  100  of 
silver  and  NaCl. 


2.0535  gr"*. 

NaCl  = 

=  3.788  grm.  Ag. 

54.211 

2.169 

4.0095   " 

54.097 

4-3554 

8.0425   « 

54.155 

6.509 

12.0140   " 

54.178 

6.413 

11.8375   " 

54.175 

2.1746 

4.012    ♦* 

54.202 

5.  "3 

(1 

9.434 

54.187 

Mean,  54.172, 

d=  .0096 

Stas,||  applying  the  method  used  in  establishing  the  sim- 
ilar ratio  for  potassium  chloride,  and  working  with  salt  firom 

*  Phil.  Transactions,  1839,  p.  25. 
f  G>mpt  Rend.,  20,  1047.     1845. 
J  Ann.  Chem.  Phann.,  113,  31.     i860. 
II  Aronstein's  Translation,  p.  274. 
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six  different  sources,  found  of  sodium  chloride  equivalent 
to  100  parts  of  silver : 

54-2093 
54.2088 
54.2070 
54.2070 
54.2070 
54.2060 
54.2076 
54.2081 
54.2083 
54.2089 

Mean,  54.2078,  ±z  .0002 

Now,  combining  these  three  series,  we  get  the  following 
result: 

Pelouze 54.141*    d=  .0063 

Dumas 54.172,    ±.0096 

Stas 54.2078,  d=  .0002 


General  mean 54.2076,  d=  .0002 

Here  the  work  of  Stas  is  of  such  superior  excellence  that 
the  other  series  might  be  completely  rejected  without  ap- 
preciably affecting  our  calculations. 

We  have  now  before  us  the  data  establishing,  with  greater 
or  less  accuracy,  twenty  different  ratios ,  relating  to  the 
atomic  weights  of  the  seven  elements  under  discussion.  In 
these  we  are  to  discuss  the  results  of  about  two  hundred  and 
fifty  separate  experiments.  Before  beginning  upon  our  cal- 
culations we  will  tabulate  our  ratios,  and  number  them  for 
convenient  future  reference.  Of  course  it  will  be  under- 
stood that  the  probable  errors  given  below  relate  to  the  last 
term  of  each  proportion : 

(I.)  Percentage  of  O  in  KQO,    39i54»    ±.00038 


(2.) 
(3.) 
(4.) 
(5.) 
(6.) 
(7.) 
(8.) 

3 


"        KBrO,  28.6755,  ±  .0207 

KlOg     22.473,    =b  .0050 

"        NaClO,  — 45.0705,  zt  .0029 

"        AgClO, 25.0795,  =h  .0010 

"        AgBrO, 20.349,    =h  .0014 

Agio,    16.9771,  d=  .0009 

AginAgjSO^   69.205,    ±  .oon 
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(9.)  Ag  :  NaCl.: :  lOO  :  54.2076,  d=  .000a 
(10.)  Ag  :  KQ  : :  lOO  :  69.1032,  dr  .0002 
(II.)  Ag  :  KBr  : :  100  :  110.3459,  d=  .0019 
(12.)  Ag  :  KI  : :  100  :  153.6994,  dz  .0178 
(13.)  Ag  :  CI : :  100  :  32.8418,  d=  .0006 
(14.)  Ag  :  Br  : :  100  :  74.0809,  d=  .0006 
(15.)  Ag  :  I : :  100  :  Ii7.5345»  =b  •«»9 
(16.)  Ag  :  AgjS  : :  100  :  1 14.8581,  dr  .0006 
(17.)  KCi :  AgQ  : :  100  :  192.294,  db  .0029 
(18.)  AgCl :  AgBr  : :  100  :  131.030,  ±  .023 
(19.)  AgCl  :  Agl  : :  100  :  163.733,  ±  .0076 
(20.)  Aga  :  Ag,S  : :  100  :  86.4733,  ^  •<»" 

Now,  from  ratios  1  to  7  inclusive,  we  can  at  once,  by 
applying  the  known  atomic  weight  of  oxygen,  deduce  the 
molecular  weights  of  seven  haloid  salts.  Let  us  consider 
the  first  calculation  somewhat  in  detail. 

Potassium  chlorate  yields  39.154  per  cent,  of  oxygen  and 
60.846  per  cent  of  residual  chloride.  For  each  of  these 
quantities  the  probable  error  is  ±-  .00038.  The  atomic 
weight  of  oxygen  is  15.9633,  ±  .0035,  so  that  the  value  for 
three  atoms  becomes  47.8899,  ±  .0105.  We  have  now  the 
following  simple  proportion:  39.154 :  60.846  : :  47.8899  :  z,  = 
the  molecular  weight  of  potassium  chloride,  =  74.4217. 
The  probable  error  being  known  for  the  first,  second,  and 
third  term  of  this  proportion,  we  can  easily  find  that  of  the 
fourth  term  by  the  formula  given  in  our  introduction.  It 
comes  out  i:  .0164.  By  this  method  we  obtain  the  follow- 
ing series  of  values,  which  may  conveniently  be  numbered 
consecutively  with  the  foregoing  ratios : 

(21.)  KCl,    from  (I,)  =    74.4217,  dr  .0164 


(22.)  KBr,      " 

(2,)  = 

119117, 

±  .0962 

(23.)  KI,        « 

(3»)  = 

165.210, 

db  .0529 

(24.)  NaCl,     " 

(4,)  = 

58.366, 

=i=  .0137 

(25.)  AgCl,    " 

(5,)  = 

143062, 

=b  .0320 

(26.)  AgBr,    " 

(6,)  = 

187.453, 

±  .0432 

(27.)  Agl,       " 

(7,)  = 

234.i95» 

zb  .0530 

With  the  help  of  these  molecular  weights  we  are  now 
able  to  calculate  eight  independent  values  for  the  atomic 
weight  of  silver : 
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First,  from  (lo)  and  (21,)  Ag  =  107.696,  ±  .024 

Second,  "  (11)  ««  (22,)  "  =  107.948,  d=  .087 

Third,  "  (12)  "  (23,)  "  =  107.488,  =h  .037 

Fourth,  «*  (9)  "  (24»)  "  =  107.671,  ±  .025 

Fifth,  «  (13)  "  (25,)  «  =  107.694,  d=  .024 

Sixth,  "  (14)  "  (26,)  «  =  107.681,  d=  .025 

Seventh,  "  (15)  "  (27,)  "  =107.659,^.024 

Eighth,  "  (8)  "  (16,)  "  =  107.712,  d=  .025 

General  mean,   "   =  107.675,  zfc  .0096 

It  is  noticeable  that  six  of  these  values  agree  very  well. 
The  second  and  third,  however,  diverge  widely  from  the 
average,  but  in  opposite  directions ;  they  have,  moreover, 
high  probable  errors,  and  consequently  little  weight.  Of 
these  two,  one  represents  little  and  the  other  none  of  Stas^ 
work.  Their  trifling  influence  upon  our  final  results  be- 
comes curiously  apparent  in  the  series  of  silver  values  given 
a  little  further  along. 

When  we  consider  closely,  in  all  of  its  bearings,  any  one 
of  the  values  just  given,  we  shall  see  that  for  certain  pur- 
poses it  must  be  excluded  from  our  general  mean.  For 
example,  the  first  is  derived  partly  from  the  ratio  between 
silver  and  potassium  chloride.  From  this  ratio,  the  atomic 
weight  of  one  substance  being  known,  we  can  deduce  that 
of  the  other.  We  have  already  used  it  in  ascertaining  the 
atomic  weight  of  silver,  and  the  value  thus  obtained  is  in- 
cluded in  our  general  mean.  But  if  from  it  we  are  to  deter- 
mine the  molecular  weight  of  potassium  chloride,  we  must 
use  a  silver  value  derived  from  other  sources  only,  or  we 
should  be  assuming  a  part  of  our  result  in  advance.  In 
other  words,  we  must  now  use  a  general  mean  for  silver 
from  which  this  ratio  with  reference  to  silver  has  been  re- 
jected. Hence  the  following  series  of  silver  values,  which 
are  lettered  for  reference : 

A.  General  mean  from  all  eight 107.675,  ±  .0096 

B.  "  rejecting  the  first 107.671,  ±  .0105 

C.  "  "  second 107.671,  d=  .0097 

D.  "  "  third 107.679,^1.0100 

E.  "  "  fourth 107.675,  ±  .0104 

F.  "  "  fifth 107.671,  zfc  .0105 

G.  "  "  sixth 107.674,  d=  .0104 

H.  **  "  seventh 107.678,  db  .0105 

I.  "  "  eighth 107.679,  ±  .0104 
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These  values  are  essentially  the  same,  both  in  magnitude 
and  in  weight.  For  all  practical  purposes  any  one  of  them 
is  as  good  as  any  other.  Still,  on  theoretical  grounds,  it 
may  be  well  to  keep  them  distinct  and  separate  in  the  re- 
mainder of  this  discussion. 

We  are  now  in  a  position  to  determine  more  closely  the 
molecular  weights  of  the  haloid  salts  which  we  have  already 
been  considering. 

For  silver  chloride,  still  employing  the  formula  for  the 
probable  error  of  the  last  term  of  a  proportion,  we  get  the 
following  values : 

From  (5) AgCl  =  143.062,  =h  .032 

From  (13)  and  (F) "     =  143-032,  ±  .014 

From  (17)  and  (21) "    =  143.108,  d=  .034 

From  (18)  and  (26) "     =  143.061,  dz  .041 

From  (19)  and  (27) "     =  i43-035»  =fc  -033 

General  mean "    =  143.045,  ±  .0108 

Subtracting  from  this  the  atomic  weight  of  silver,  107.675, 
±  .0096,  we  get  for  the  atomic  weight  of  chlorine,  CI  = 
35.370,  ±  .014. 

For  silver  bromide  we  have  these  results : 

From  (6) AgBr  ==  187.453,  zt  .043 

From  (14)  and  (G) "    =  187.440,  ±  .018 

From  (18)  and  (25) «    =  187.454,  ±  .053 

General  mean "     =  187.443,  dr  .016 

Hence,  using  the  general  mean  for  silver  as  above,  Br  = 
79.768,  ±  .019. 
Silver  iodide  comes  out  as  follows : 

From  (7) — Agl  =  234.195,  ±  .053 

From  (15)  and  (H) "    =  234.237,  ±  .023 

From  (19)  and  (25) —  "    =  234.240,  ±  .054 

General  mean "    =  234.232,  ±  .019 

Hence  I  =  126.557,  =h  .022. 

For  the  molecular  weight  of  s6dium  chloride  we  have : 

From  (4) — NaQ  =  58.366,    ±  .0137 

From  (9)  and  (E) "    =58.368,    ±.0056 

General  mean "     ==  58.3676,  d:  .0052 
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Hence,  if  chlorine  =  35.370,  ±  .014,  then  Na  =  22.998, 
±  .011. 
For  potassium  chloride : 

From  (i) KCl  =  74.4217,  ±  .016 

From  (lo)  and  (B) "   =74.4041,^.007 

From  (17)  and  (25) "    =  74.3975»  =t  -^^7 

Genera]  mean "    =  74.4057,  ±:  .0062 

For  potassium  bromide  we  get : 

From  (2) KBr=  >I9.II7,  zb  .096 

From  (II)  and  (C) "    =  iiS.Bio,  d=  .0118 

General  mean **    =  1 18.815,  dr  .0117 

And  for  potassium  iodide : 

From  (3) Kl  =  165.210,  rfc  .053 

From  (12)  and  (D) *•    =  165.502,  rt  .029 

General  mean "    =  165.432,  zfc  .026 

Now,  taking  the  molecular  weights  of  these  three  potas- 
sium salts  in  connection  with  the  atomic  weights  just  found 
for  chlorine,  bromine,  and  iodine,  we  get  these  values  for 
potassium: 

From  the  chloride K  =  39.036,  db  .016 

From  the  bromide "  =  39.047,  =b  .022 

From  the  iodide "  =  38.875,  ±  .034 

General  mean **  =  39.019,  d=  .012 

Finally,  the  three  sulphur  ratios  give  us  three  estimates 
for  the  atomic  weight  of  sulphur.  In  the  third  of  tl^jese  I 
have  applied  the  "A"  value  for  silver  and  the  general  mean 
for  silver  chloride : 

From  (8)  and  (I) S  =  31.968,  ±  .014 

From  (16)  and  (I) "  =  31.995,  =b  .032 

From  (20) "  ^  32.041,  db  .028 

General  mean "  =  31.984,  ±  .012 

We  may  now  appropriately  compare  the  results  of  this 
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discussion  with  the  atomic  weights  deduced  by  Stas  from 
his  own  experiments  only.  His  values  are  given  under  two 
headings :  one  for  oxygen  =  16,  the  other  for  O  =  15.96. 
As  we  have  been  using  the  figure  15.9633  for  oxygen,  here 
is  at  the  outset  a  discrepancy.  Starting  from  this  value  we 
found: 

Ag  =  107.675,  dz  .0096 

a  =  35.370,  db  .014 

Br  =    79.768,  ±:  .019 

I    =  126.557,  d=  .022 

Na  =  22.998,  dr  .Oil 
K  *=  39.019,  rt  .012 
S     =    31.984,  ±  .012 

If  we  assume  16  to  be  the  true  figure  for  oxygen,  we  get 
the  following  results,  which  I  have  placed  in  a  column  par- 
allel with  the  values  found  by  Stas : 

Tk€  New  Values, 

Silver 107.923 

Chlorine 35-451 

Bromine 79-951 

Iodine 126.848 

Sodium 23.051 

Potassium 39*109 

Sulphur 32.058 

These  dififerences  are  insignificant.  No  other  criticism 
could  more  severely  test  the  character  of  Stas'  work,  or  more 
definitely  illustrate  his  magnificent  accuracy  of  manipula- 
tion. 


Stas. 

Differences. 

107.930 

.007 

35-457 

.006 

79-952 

.001 

126.850 

.002 

23.043 

.009 

39-137 

.028 

32.074 

.016 
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NITROGEN. 

The  atomic  weight  of  nitrogen  has  been  determined  from 
the  density  of  the  gas,  from  the  ratio  between  ammonium 
chloride  and  silver,  and  from  the  comp)osition  of  certain 
nitrates. 

Upon  the  density  of  nitrogen  a  great  many  experiments 
have  been  made.  In  early  times  this  constant  was  deter- 
mined by  Biot  and  Arago,  Thomson,  Dulong  and  Berzelius, 
Lavoisier,  and  others.  But  all  of  these  investigations  may 
be  disregarded  as  of  insuflScient  accuracy ;  and,  as  in  the  case 
of  oxygen,  we  need  consider  only  the  results  obtained  by 
Dumas  and  Boussingault,  and  by  Regnault. 

Taking  air  as  unity,  Dumas  and  Boussingault*  found  the 
density  of  nitrogen  to  be — 

.970 
.972 
.974 

Mean,  .972,  i  .00078 

For  hydrogen,  as  was  seen  in  our  discussion  of  the  atomic 
weight  of  oxygen,  the  same  investigators  found  a  mean  of 
.0693,  lb  .00013.  Upon  combining  this  with  the  above 
nitrogen  mean,  we  find  for  the  atomic  weight  of  the  latter 
element,  N  =  14.026,  ±  .0295. 

By  Regnaultf  much  closer  work*  was  done.  He  found  the 
density  of  nitrogen  to  be  as  follows : 

.97148 
.97148 
•97154 
•97155 
.97108 
.97108 


Mean,  .97137,  =b  .000062 


*Compt.  Rend.,  12,  1005.     1841. 
t  Compt.  Rend.,  20,  975.     1845. 
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For  hydrogen,  Regnault's  mean  value  is  .069263,  6z 
.000019.  Hence,  combining  as  before,  N  =  14.0244,  ± 
.0039.* 

•    The  value  found  by  combining  both  series  of  experiments 
is  N  =  14.0244,  =h  .0039.' 

In  discussing  the  more  purely  chemical  ratios  for  estab- 
lishing the  atomic  weight  of  nitrogen,  we  may  ignore,  for 
the  present,  the  researches  of  Berzelius,  of  Anderson,  and  of 
Svanberg.  These  chemists  experimented  chiefly  upon  lead 
nitrate,  and  their  work  is  consequently  now  of  greater  value 
for  fixing  the  atomic  weight  of  lead.  Their  results  will  be 
duly  considered  in  the  proper  connection  further  on. 

The  ratio  between  ammonium  chloride  and  silver  has  ' 
been  determined  by  Pelouze,  by  Marignac,  and  by  Stas. 
The  method  of  working  is  essentially  that  adopted  in  the 
similar  experiments  with  the  chlorides  of  sodium  and  potas- 
sium. 

For  the  ammonium  chloride  equivalent  to  100  parts  of 
silver,  Pelouzef  found : 

49556 
49.517 


Mean,  49-5365»  =fc  -01$ 

MarignacJ  obtained  the  following  results.  The  usual 
ratio  for  100  parts  of  silver  is  given  also : 

8.063  grm.  Ag  =  3.992  grm.  NH^Q. 

9.402  "  4656  " 

10.339  "  5.120 

12.497  "  6.191  " 

11.337  "  5.617 

11.307  "  5.595 

4.326  "  2.143  " 

Mean,  49.523»  ±  .<»55 

*  Professor  Le  Conte,  in  his  corrections  of  Regnault's  calculations,  already 
cited  in  a  foot  note  to  the  chapter  on  oxygen,  finds  for  the  density  of  nitrogen  the 
value  0.971346.  Hence  N  =  14.0225.  This  correction  is  very  slight,  but  it 
should  be  considered  in  any  future  revision  of  the  atomic  weights. 

t  Compt.  Rend.,  20,  1047.     1845. 

t  Berzelius*  Lehrbuch,  5th  Ed.,  3d  v.,  1184,  1185. 
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But  neither  of  these  series  can  for  a  moment  compare 
with  that  of  Stas.*  He  used  from  12.5  to  80  grammes  of 
silver  in  each  experiment,  reduced  his  weighings  to  a  vac- 
uum standard,  and  adopted  a  great  variety  of  precautions 
to  ensure  accuracy.  He  found  for  every  100  parts  of  silver 
the  following  quantities  of  NH4CI  : 

49.600 
49.599 
49.597 
49.598 
49.597 
49.593 

49-597 

49.5974 

49.602 

49.597 
49.598 
49.592 

Mean,  49.5973»  i  .«x>5 

Now,  combining  these  three  series,  we  get : 

Peloaze. - 49.53^5»  ±  .013 

Marignac — 49.523»    ±  .<»55 

Stas - 49.5973.  ±  .«»5 

General  mean 49'597>    ±.0005 

The  quantity  of  silver  nitrate  which  can  be  formed  from 
a  known  weight  of  metallic  silver  has  been  determined  by 
Penny,  by  Marignac,  and  by  Stas.  Pennyf  dissolved  silver 
in  nitric  add  in  a  flask,  evaporated  to  dryness  without 
transfer,  and  weighed.  One  hundred  parts  of  silver  thus 
gave  of  nitrate : 

1-57.430 

157.437 

157.458 

157.440 

157.430 

157.455 

Mean,  157.4417.  =fc  0033 

*  Aronstein's  Translation,  pp.  56-58. 
t  Phil.  Trans.,  1839. 
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Marignao's*  results  were  as  follows.  In  the  third  column 
they  are  reduced  to  the  common  standard  of  100  parts  of 
silver : 

68.987  grm.  Ag  gave  108.608  gnn.  AgNO,.  157-433 

,57.844     "  91.047    "  157.401 

66.436     "  104.592    "  157.433 

70.340     "  1 10.718    "  157.404 

200.000     "  314.894    "  157.447 

Mean,  157.4236,  dt  .0061 

Stas,t  employing  from  77  to  405  grammes  of  silver  iu 
each  experiment,  made  two  different  series  of  determina- 
tions at  two  different  times.  The  silver  was  dissolved  with 
all  the  usual  precautions  against  loss  and  against  impurity, 
and  the  resulting  nitrate  was  weighed,  first  after  long  drying 
without  fusion  just  below  its  melting  point;  and  again, 
fused.  Between  the  fused  and  the  unfused  salt  there  was  in 
every  case  a  slight  difierence  in  weight,  the  latter  giving  a 
maximum  and  the  former  a  minimum  value. 

In  Stas'  first  series  there  are  eight  experiments ;  but  the 
seventh  he  himself  rejects  as  inexact.  The  values  obtained 
for  the  nitrate  from  100  parts  of  silver  are  given  below  in  two 
columns,  representing  the  two  conditions  in  which  the  salt 
was  weighed.  The  general  mean  given  at  the  end  I  have 
deduced  from  the  means  of  the  two  columns  considered  sep- 
arately :  • 

Unfused,  Fused, 

157.492  157.474 

157.510  157.481 

157.485  157.477 

157.476  157.471 

157.478  157.470 

157.471  157.463 

157.488  157.469 


Mean,  157.4857  Mean,  157.472 

General  mean,  157.474,  ±,  .0014 


♦  Berzelius'  Lehrbuch,  5th  Ed.,  3,  pp.  1184,  1185. 
t  Aronstein's  Translation,  pp.  305  and  315. 
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In  the  later  series  there  are  but  two  experiments,  as  fol- 
lows: 

Unfused,  Fused, 

157.4964  157.488 

157.4940  157.480 

Mean,  157.4952  .    Mean,  157.484 

General  mean,  157.486,  ifc  .0003 

Now,  to  combine  all  four  sets  of  results : 

Penny 1574417.  =b  0033 

Marignac _ 157.4236,  ±  .0061 

Stas,  1st  series 157.4740,  db  .0014 

Stas,  2d  series 157.4860,  ±  .0003 

General  mean 157.479,    ±.0003 

For  the  direct  ratio  between  silver  nitrate  and  silver  chlo- 
ride there  are  two  series  of  estimations.  A  weighed  quan- 
tity of  nitrate  is  easily  converted  into  chloride,  and  the 
weight  of  the  latter  ascertained.  In  two  experiments  Tur- 
ner* found  of  chloride  from  100  parts  of  nitrate : 

84.357 
84.389 

Mean,  84.373,  ±  .011 

Penny,t  in  five  determinations,  found  the  following  per- 
centages: 

84.370 
84.388 
84.377 
84.367 
84.370 

Mean,  84.3744.  ±  0025 

The  general  mean  from  both  series  is  84.3743,  zfc  .0025. 

The  ratio  directly  connecting  silver  nitrate  with  ammo- 
nium chloride  has  been  determined  only  by  Stas-J    The 

*Plnl.  Trans.,  1833.537. 

t  Pha.  Trans.,  1839. 

X  Aronstein's  Translation,  p.  309. 
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usual  method  of  working  was  followed;  namely,  nearly 
equivalent  quantities  of  the  two  salts  were  weighed  out,  the 
solutions  mixed,  and  the  slight  excess  of  one  estimated  by 
titration.  In  four  experiments  100  parts  of  silver  nitrate 
were  found  equivalent  to  chloride  of  ammonium  as  follows : 

31.489 
31.490 
31.487 
31.486 


Mean,  3i.488»  ±  .ocx>6 

The  similar  ratio  between  potassium  chloride  and  silver 
nitrate  has  been  determined  by  both  Marignac  and  Stas. 

Marignac*  gives  the  following  weights.  I  add  the  quan- 
tity of  KCl  proportional  to  100  parts  of  AgNOj : 

1.849  g"".  KCl  =    4.218  grm.  AgNOj.  43-836 


2.473 

it 

5.640 

43.848 

3.317 

** 

7.565 

43.847 

2.926 

« 

6.670 

43-868 

6. 191 

«* 

14. 1 10 

43.877 

4.351 

t* 

9.918 

Mean 

43.870 

43.858, 

.0044 

Stas't  results  are  given  in  three  series,  representing  silver 
nitrate  from  three  different  sources.  In  the  third  series  the 
nitrate  was  weighed  in  vacuo,  while  for  the  other  series  this 
correction  was  applied  in  the  usual  way.  For  the  KCl 
equivalent  to  100  parts  of  AgNO,  Stas  found : 

First  Series, 
43.878 
43.875 
43.875 
43-874 


Mean,  438755,  ±.  .0005 


*  Berzelius*  Lehrbuch,  5th  Ed.,  3d  vol.,  1 184,  1 185. 
f  Aronstein's  Translation,  p.  308. 
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Second  Series. 

43.864 
43.869 
43.876 

Mean,  43-^7*  i  -OoaS 

Third  Series. 

43.894 
43.878 
43.885 

Mean,  43.8857,  ±  .0031 

Combining  all  four  series  we  have : 

Marignac 43-858,    d=  .0044 

Stas,  1st  series _  43.8755,  db  .0005 

"    2d     "     43.8697,  db  .0023 

"    3d     «     43.8857,  ±  .0031 

General  mean 43.8715,  ±:  .0004 

There  have  also  been  determined  by  Penny  and  by  Stas 
a  series  of  ratios  connecting  the  alkaline  chlorides  and  chlo- 
rates with  the  corresponding  nitrates.  One  of  these,  relat- 
ing to  the  lithium  salts,  will  be  studied  further  on  with  ref- 
erence to  that  metal. 

The  general  method  of  working  upon  these  ratios  is  due 
to  Penny.*  Applied  to  the  ratio  between  the  chloride  and 
nitrate  of  potassium  it  is  as  follows :  A  weighed  quantity  of 
the  chloride  is  introduced  into  a  flask  which  is  placed  upon 
its  side  and  connected  with  a  receiver.  An  excess  of  pure 
nitric  acid  is  added,  and  the  transformation  is  gradually 
brought  about  by  the  aid  of  heat.  Then,  upon  evaporating 
to  dryness  over  a  sand  bath,  the  nitrate  is  brought  into 
weighable  form.  The  liquid  in  the  receiver  is  also  evapo- 
rated, and  the  trace  of  solid  matter  which  had  been  mechan- 
ically carried  over  is  recovered  and  also  taken  into  account. 
In  another  series  of  experiments  the  nitrate  was  taken,  and 
by  pure  hydrochloric  acid  converted  into  chloride ;  the  pro- 
cess being  the  same.    In  the  following  columns  of  figures  I 

*Phil.  Trans.,  1839. 
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have  reduced  both  series  to  one  standard;  namely,  so  as  to 
express  the  number  of  parts  of  nitrate  corresponding  to  100 
of  chloride : 

First  Series.— 'KCl  tnated  with  HNOy 

"35.639 
135.637 
135.640 

135.635 
135.630 
135.640 

135.630 
Mean,  135.636,  d=  .0011 

Second  Series. -^ICNO^  treated  with  HCL 
135.628 

135.635 
"35.630 
135.641 
135.630 
135.635 
135.630 

Mean,  153633,  ±  .0011 

Stas*  results  are  as  follows : 

135.643 
'35.638 
135.647 
"35.649 
135.640 

135.645 
'35.655 

Mean,  135.6453,  ±  .0014 

These  figures  by  Stas  represent  weighings  in  the  air.  Re- 
duced to  a  vacuum  standard  this  mean  really  becomes 
135.6423. 

Now,  combining,  we  have : 

Penny,  ist  series 135.636,    db  .0011 

"      2d     "      '35.633»    =*=  .001 1 

Stas —  135.6423.  =b  .0014 

General  mean '35.6363»  ±  0007 

*  Aronstein's  Translation,  p.  270. 
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By  the  same  general  process  Penny*  determined  how 
much  potassium  nitrate  could  be  formed  from  100  parts  of 
chlorate.    He  found  as  follows : 

82.505 
82.497 
82.498 
82.500 


Mean,  82.500,  db  .0012 

For  100  parts  of  sodium  chlorate  he  found  of  nitrate : 

79.875 
79.882 
79.890 


Mean,  79.8823,  ±  .0029 

For  the  ratio  between  the  chloride  and  nitrate  of  sodium 
Penny  made  two  sets  of  estimations  as  in  the  case  of  potas- 
sium salts.  The  subjoined  figures  give  the  amount  of 
nitrate  equivalent  to  100  parts  of  chloride : 

First  Series,— NaCl  treated  with  HNO^, 

145-415 
145.408 
145.420 

145.424 
145.410 
145.418 
145.420 

Meim,  145.4164,  db  .0015 

Second  Series,— NaNO^  treated  with  HCL 

145.419 
145.391 
145.412 

145.415 
145.412 

145.412 


Mean,  145.410,  ±  .0026 


♦Phil.  Trans.,  1839. 
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Stas*  gives  the  following  series : 

145-453 

145.468 
145.465 
145.469 
145443 


Mean,  after  reducing 
to  vacuum  standard,  145.4526,  d=  .0030 


Combining,  we  have  as  follows : 


Penny,  ist  series .«^  145.4164,  d=  .0015 

"      2d     "      145.410,    db  .0026 

Stas 145.4526,  ±  .0030 

General  mean 145.4185,  ±  .0012 

We  have  now,  apart  from  the  determinations  of  gaseous 
density,  nine  ratios,  representing  one  hundred  and  fourteen 
experiments  from  which  to  calculate  the  atomic  weight  of 
nitrogen.     Let  us  first  collect  and  number  these  ratios : 

(I.)  Ag  :  AgNOj  : :  100  :  157.479.  =b  .0003 
(2.)  AgNO,  :  AgCl  : :  100  :  84.3743.  ±  -0025 
(3.)  AgNO,  :  KCl  : :  100  :  43-8715.  =*=  .«x>4 
(4.)  AgNO,  I  NH^Cl : :  100  :  31.488,  zfc  .cxx)6 
(5.)  Ag  :  NH^Cl  : :  loo  :  49.597.  =fc  .0005 
(6.)  KCl  :  KNO,  : :  100  :  135.6363,  d=  .0007 
(7.)  KCIO,  :  KNO,  : :  100  :  82.500,  db  .0012 
(8.)  NaCI  :  NaNO,  : :  100  :  145.4185,  ±  .0012 
(9.)  NaClO,  :  NaNO,  : :  100  :  79.8823,  =h  .0029 

From  these  ratios  we  are  now  able  to  deduce  the  molec- 
ular weight  of  ammonium  chloride  and  of  the  three  nitrates 
named  in  them.  For  these  calculations  we  may  use  the 
already  determined  atomic  weights  of  silver,  oxygen,  potas- 
sium, sodium,  and  chlorine,  and  the  molecular  weights  of 
silver  chloride  and  sodium  chloride.  These  two  molecular 
weights  involve,  respectively,  the  most  probable  values  for 
silver,  sodium,  and  chlorine.  We  cannot,  however,  appro- 
priately use  the  directly  determined  molecular  weight  of 
potassium  chloride,  since  the  most  probable  value  for  the 

•    *  Aronstem*s  Translation,  p.  278. 
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atomic  weight  of  potassium  is  only  in  part  derived  from 
that  salt.  The  following  are  the  values  which  we  shall 
employ : 

Ag  =  107.675,  ±  .0096 

K  =•   39.019,  ±  .012 

Na  =    22.998,  ±  .oil 

CI  =    35.370,  ±  .014 

O,     =  47.8899.^-0105 

AgQ  =  143045.    ±   0108 
NaCl  =    58.3676,  =h  .0052 

Now,  from  ratio  number  five  we  can  get  the  molecular 
weight  of  ammonium  chloride,  NH^Cl  =  53.4048,  =fc  .0048, 
and  N  =  14.0336,  =fc  .0153. 

From  ratio  number  four  an  independent  value  for  nitro- 
gen can  be  calculated,  namely,  N  =  14.0330,  ±  .015. 

For  the  molecular  weight  of  silver  nitrate  three  values 
are  deducible,  namely : 

From  (I) AgNO,  =  169.5655,  ±  .0151 

From  (2) "       =  169.5362,  ±.  .0138 

From  (3) '*       •=  169.5612,  ±  .0429 


General  mean  _     "       =  169.5489,  rh  .Q099 

Hence  N  =  13.9840,  ±  .0174. 

The  molecular  weight  of  potassium  nitrate  is  twice  cal- 
culable, as  follows : 

From  (6) KNOj  =  100.8985,  dr  .0255 

From  (7) "      =  100.8801,  d=  .0178 


General  mean..     "      =  100.8863,  db  .0146 

And  N  =  13.9774,  ±  .0216. 

So  also  for  sodium  nitrate  we  have : 

From  (8) NaNO,  =  84,8773,  dc  .0076 

From  (9) "       =  84.8809,  d=  .0099 


General  mean..      **       =  84.8785,  ±  .0060 

And  N  =  13.9906,  ±  .0163. 

We  have  now  before  us  six  estimates  of  the  atomic  weight 
of  nitrogen.    It  only  remains  for  us  to  combine  these  after 
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the  usual  method,  as  follows,  in  order  to  obtain  the  most 
probable  value : 

From  specific  gravity  of  N N  =  14.0244,  zh  .0039 

ammonium  chloride « "  =  14.0336,  d=  .0153 

ratio  number  four **  =  14.0330,  ±  .0150 

silver  nitrate "  =  13.9840,  =h  .0174 

potassium  nitrate "  =  13.9774,  d=  .0216 

sodium  nitrate "  =  13.9906,  ±  .0163 


General  mean "  =  14.0210,  dz  .0035 

If  oxygen  is  16,  this  becomes  14.0291.  Stas  found  N  = 
14.044.  The  diflference  is  .015,  showing  a  remarkably  close 
agreement. 


CARBON 


Although  there  is  a  large  mass  of  material  relating  to  the 
atomic  weight  of  carbon,  much  of  it  may  be  summarily  set 
aside  as  having  no  value  for  present  purposes.  The  density 
of  carbon  dioxide,  which  has  been  scrupulously  determined 
by  many  investigators,*  leads  to  no  safe  estimate  of  the  con- 
stant under  consideration.  The  numerous  analyses  of  hydro- 
carbons, like  the  analyses  of  naphthalene  by  Mitscherlich, 
Woskresensky,  Fownes,  and  Dumas,  give  results  scarcely 
more  satisfactory.  In  short,  all  the  work  done  upon  the 
atomic  weight  of  carbon  before  the  year  1840  may  be  safely 
rejected  as  unsuited  to  the  present  requirements  of  exact 
science.  As  for  methods  of  estimation  we  need  consider  but 
three,  as  follows : 

IH/rst. — ^The  analysis  of  organic  salts  of  silver. 

Second. — ^The  determination  of  the  weight  of  carbon  dioxide 
formed  by  the  combustion  of  a  known  weight  of  carbon. 

*  Notably  by  Lavoisier,  Biot  and  Arago,  De  Saussure,  Dulong  and  Berzelius, 
Buff,  Von  Wrede,  Regnault,  and  Marchand.  For  details.  Van  Geuns'  monograph 
may  be  consulted. 
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Third. — The  method  of  Stas,  by  the  combustion  of  carbon 
monoxide. 

The  first  of  these  methods,  which  is  also  the  least  accu- 
rate, was  employed  by  Liebig  and  Redtenbacher*  in  1840. 
They  worked  with  the  acetate,  tartrate,  racemate,  and  malate 
of  silver,  making  five  ignitions  of  each  salt,  and  determining 
the  percentage  of  metal.  From  one  to  nine  grammes  of 
material  were  used  in  each  experiment. 

In  the  acetate  the  following  percentages  of  silver  were 
found: 

64.615 
64.624 
64.623 
64.614 
64.610 


Mean,  64.6172,  db  .0018 

After  applying  corrections  for  weighing  in  air  this  mean 
becomes  646065. 
In  the  tartrate  the  silver  came  out  as  follows : 

59-297 

59.299 
59.287 
59293 
59293 


Or,  reduced  to 

Mean, 
a  vacuum. 

59.29'38» 
592806 

d= 

.0014 

e  racemate 

we  have : 

59.290 
59.292 
59.287 
59.283 
59.284 

Mean,  59.2872,  ±  .0012 
Or,  corrected,  59.2769 


*Ann.  Chcm.  Pharm.,  38,  137.     Mem.  Chem.  Soc.,  i,  9.     Phil.  Mag.,  (3,) 
19,  210. 
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And  from  the  inalate : 

61.996 
61.972 
62.015 
62.059 
62.01 1 


Mean,  62.0106,  =b  .0096 
Or,  corrected,  62.0016 

Now,  applying  to  these  mean  results  the  atomic  weights 
already  found  for  oxygen  and  silver,  we  get  the  following 
values  for  carbon : 

From  the  acetate C  =  12.0306,  dr  .004.7 

«*       tartrate "  =  12.0356,  ±  .0064 

"        racemate "  =  12.0413,  =h  .0063 

"        malate "  =  12.0408,  dz  .0054 

General  mean "  =  12.0363,  db  .0028 

Now  these  results,  although  remarkably  concordant,  are  by 
no  means  unimpeachable.  They  involve  two  possible  sources 
of  constant  error,  namely,  impurity  of  material  and  the  vol- 
atility of  the  silver.  These  objections  have  both  been  raised 
by  Stas,  who  found  that  the  silver  tartrate,  prepared  as  Liebig 
and  Redtenbacher  prepared  it,  always  carried  traces  of  the 
nitrate,  and  that  he,  by  the  ignition  of  that  salt,  could  not 
get  results  at  all  agreeing  with  theirs.  In  the  case  of  the 
acetate  a  similar  impurity  would  lower  the  percentage  of 
silver,  and  thus  both  sources  of  error  would  reinforce  each 
other  and  make  the  atomic  weight  of  carbon  come  out  too 
high.  With  the  three  other  salts  the  two  sources  of  error 
act  in  opposite  directions,  although  the  volatility  of  the 
silver  is  probably  far  greater  in  its  influence  than  the  im- 
purity. Even  if  we  had  no  other  data  relating  to  the  atomic 
weight  of  carbon,  it  would  be  clear  from  these  facts  that 
the  results  obtained  by  Liebig  and  Redtenbacher  must  be 
decidedly  in  excess  of  the  true  figure. 

A  difierent  method  of  dealing  with  organic  silver  salts 
was  adopted  by  Maumen6,*  inl846,  for  the  purpose  of  estab- 

*  Ann.  d.  Chim.  et  d.  Phys.,  (3,)  18,  41. 


Digitized  by 


Google 


CARBON.  53 

lishing,  by  reference  to  carbon,  the  atomic  weight  of  silver. 
We  will  simply  reverse  his  results  and  apply  them  to  the 
atomic  weight  of  carbon.  He  effected  the  combustion  of 
the  acetate  and  the  oxalate  of  silver,  and,  by  weighing  both 
the  residual  metal  and  the  carbon  dioxide  formed,  he  fixed 
the  ratio  between  these  two  substances.  In  the  case  of  the 
acetate  his  weighings  show  that  for  every  gramme  of  me- 
tallic silver  the  weights  of  CO,  were  produced,  which  are 
shown  in  the  third  column : 


8.083  grm.  Ag  — 

6.585  grm,  COy 

.8147 

11.215           •• 

9.13s 

" 

.8136 

14.351 

".6935 

<« 

.8148 

9.030 

7.358 

" 

.8148 

20.227           «• 

16.475 

« 

.8145 

Mean,  .81448 

The  oxalate  of  silver,  ignited  by  itself,  decomposes  too 
violently  to  give  good  results;  and  for  this  reason  it  was  not 
used  by  Liebig  and  Redtenbacher.  Maumene,  however, 
found  that  when  the  salt  was  mixed  with  sand  the  combus- 
tion could  be  tranquilly  effected.  The  oxalate  employed, 
however,  with  the  exception  of  the  sample  represented  in 
the  last  experiment  of  the  series,  contained  traces  of  nitrate, 
80  that  these  results  involve  slight  errors.  For  each  gtamme 
of  silver  the  appended  weights  of  CO,  were  obtained : 


14.299  grm 

Ag  = 

5.835 

grm.  CO,. 

.4081 

17.754 

tt 

7.217 

« 

.4059 

11.550 

(1 

4.703 

f< 

.4072 

10.771 

it 

4.387 

«« 

.4073 

8.674 

u 

3-533 

(( 

.4073 

"4355 

u 

4.658 

<« 

Mean, 

.4073 

.40718 

Now,  one  of  these  salts  being  formed  by  a  bivalent  and 
the  other  by  a  univalent  acid,  we  have  to  reduce  both  to  a 
common  standard.  Doing  this,  we  have  the  following  re- 
sults for  the  ratio  between  the  atomic  weight  of  silver  and 
the  molecular  weight  of  00a ;  if  Ag  =  1.00, 
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From  the  acetate,  CO,  =  .40724,  d=  .000076 
"       oxalate,    "    =  .40718,  db  .000185 

General  mean,    "    ==  .40723,  ±  .000071 

Here  the  slight  error  due  to  the  impurity  of  the  oxalate 
becomes  of  such  trifling  weight  that  it  practically  vanishes. 

From  these  data,  if  Ag  =  107.675,  ±  .0096,  CO,  = 
43.8485,  ±  .0086. 

Hence  C  =  11.9219,  ±  .0111. 

As  has  already  been  said,  the  volatility  of  silver  renders 
all  the  foregoing  results  more*  or  less  uncertain.  Far  better 
figures  are  furnished  by  the  combustion  of  carbon  directly, 
as  carried  out  by  Dumas  and  Stas*  in  1840  and  by  Erdmann 
and  Marchandf  in  1841.  In  both  investigations  weighed 
quantities  of  diamond,  of  natural  graphite,  and  of  artificial 
graphite  were  burned  in  oxygen,  and  the  amount  of  dioxide 
produced  was  estimated  by  the  usual  methods.  The  graphite 
employed  was  purified  with  extreme  care  by  treatment  with 
strong  nitric  acid  and  by  fusion  with  caustic  alkali.  I  have 
reduced  all  the  published  weighings  to  a  common  standard, 
so  as  to  show  in  the  third  column  the  amount  of  oxygen 
which  combines  with  a  unit  weight  (say  one  gramme)  of 
carbon.  Taking  Dumas  and  Stas'  results  first  in  order  we 
have  from  natural  graphite : 


i.ooo  grm. 

C  gave  3.671  grm.  CO,. 

2.6710 

.998 

"           3.660         " 

2.6673 

•994 

3.645 

2.6670 

1. 216 

4.461 

2.66S6 

1. 47 1 

5395 

2.6676 

Mean, 

2.6683,  ±  .o«>5 

With  artificial  graphite : 

.992  gnu. 

C  gave  3.642  grm.  CO,. 

2.6714 

.998 

3.662          «• 

2.6682 

1.660 

6.085          " 

2.6654 

1.465 

5-365 

2.6744 

Mean, 

,  2.66985,  d=  .0013 

*Compt.  Rend.,  ii,  991-1008.     Ann.  Chim.  Phys.,  (3,) 
t  Joum.  f.  Prakt.  Chem.,  23,  159. 
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And  with  diamond : 


.708  grm.  C  gave  2.598  grm.  CX>,.  2.6695 

.864     "     3.1675   "  2.6661 

1.219  "  4.465  "  2.6628 

1.232  ♦*  4-519  "  2.6680 

1.375  "  5.041  "  2.6662 

Mean,  2.6665,  ^  -0007 

Erdmann  and  Marchand's  figures  for  natural  graphite 
give  the  following  results : 

1.5376  gnn.  gave  5.6367  gnn.  CO,.  2.6659 
1.6494  "  6.0384  **  2.6609 
1.4505    "    5.3»575   "         2.6647 

In  one  experiment  1.8935  grm.  of  artificial  graphite  gave 
6.9355  grm.  CO^  Ratio  for  0, 2.6628.  This,  combined  with 
the  foregoing  series,  gives  a  mean  of  2.6636,  ±  .0007. 

With  diamond  they  found : 

.8052  grm.  gave  2.9467  grm.  CO,.  2.6596 

1.0858    "    3.9875    "  2.6632 

1-3557    "    4-9659    "  2.6629 

1.6305    "    5.97945   "  2.6673 

.7500    "    2.7490    «  2.6653 

Mean,  2.6637,  d=  .0009 

Now,  combining  all  these  series,  we  get  the  following 
result: 

Dmnas  and  Stas,  ist  set 2.6683,    ^  .o<^5 

"  2d  "    2.66985,  dr  .0013 

"  3d  "   2.6665,    dz  .0007 

Erdmann  and  Marchand,  ist 2.6636,    =h  .0007 

"  2d 2.6637,    =h  .0009 

General  mean 2.66655,  ±  .0003 

Hence,  if  O  =  15.9633,  ±:  .0035,  C  =  11.973,  ±  .0030. 

Another  very  exact  method  for  determining  the  atomic 
weight  of  carbon  was  employed  by  Stas*  in  1849.  Carefully 
purified  carbon  monoxide  was  passed  over  a  known  weight 

*Bull.  Acad.  Bruxelles,  1849,  (i.)  3». 
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of  copper  oxide  at  a  red  heat,  and  both  the  residual  metal 
and  the  carbon  dioxide  formed  were  weighed.  The  weigh- 
ings were  reduced  to  a  vacuum  standard,  and  in  each  ex- 
periment a  quantity  of  copper  oxide  was  taken  representing 
from  eight  to  twenty-four  grammes  of  oxygen.  The  method, 
as  will  at  once  be  seen,  is  in  all  essential  features  similar  to 
that  usually  employed  for  determining  the  composition  of 
water.  The  figures  in  the  third  column,  deduced  from  the 
weights  given  by  Stas,  represent  the  quantity  of  carbon 
monoxide  corresponding  to  one  gramme  of  oxygen : 


9.265  grm. 

0  =  25.483  CO,. 

1.75046 

8.327 

*    22.900  " 

1. 75010 

13.9438 

38.351  " 

1.75040 

if.6124    * 

31.935  « 

1.75008 

18.763 

51.6055  " 

1.75039 

19.581 

53.8465  " 

1.74994 

22.515 

*    61.926  " 

1.75043 

24.360 

67.003  « 

J.75053 

Mean,  1.75029,  ±  .00005 

Hence  the  molecular  weight   of   carbon   monoxide   is 
27.9404,  ±  .0062.    And  C  =  11.9771,  ±  .0071. 

Now,  in  order  to  complete  our  discussion,  we  must  com- 
bine the  four  values  we  have  found  for  carbon : 

1.  By  Liebig  and  Redtenbacher..C  ^  12.0363,  dt  .0028 

2.  By  Maumen^'s  figures "  =  11.9219,  ±  .0111 

3.  By  combustion  of  carbon "  ==  11.9730,  d=  .0030 

4.  By  Stas'  method "  =  11. 9771,  dr  .0071 


•    General  mean "  =  12.0021,  dz  .0019 

But  values  one  and  two  are  hardly  reliable  enough  to  be 
included  in  our  final  estimate.  They  involve  dangerous 
constant  errors,  and  ought,  therefore,  to  be  disregarded. 
Rejecting  them  altogether,  and  taking  a  general  mean  from 
values  three  and  four,  we  get  for  the  most  probable  figure 
for  the  atomic  weight  of  carbon,  C  =  11.9736,  ±  .0028.  If 
oxygen  is  16,  then  carbon  becomes  12.0011.  In  other  words, 
the  ratio  between  oxygen  and  carbon  is  almost  exactly  16 
to  12. 
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BARIUM. 

For  determining  the  atomic  weight  of  barium  we  have  a 
series  of  six  ratios,  established  by  the  labors  of  Berzelius, 
Turner,  Struve,  Pelouze,  Marignac,  and  Dumas.  Andrews* 
and  Salvetat,t  in  their  papers  upon  this  subject,  gave  no 
details  nor  weighings ;  and,  therefore,  their  work  may  be 
properly  disregarded.  First  in  order  in  point  of  import- 
ance, if  not  first  chronologically,  is  the  ratio  between  silver 
and  anhydrous  barium  chloride,  as  determined  by  Pelouze, 
Marignac,  and  Dumas. 

Pelouze,t  in  1845,  made  the  three  subjoined  estimations 
of  this  ratio,  using  his  well  known  volumetric  method.  A 
quantity  of  pure  silver  was  dissolved  in  nitric  acid,  and  the 
amount  of  barium  chloride  needed  to  precipitate  it  was  ac- 
curately ascertained.  In  the  last  column  I  give  the  quan- 
tity of  barium  chloride  proportional  to  100  parts  of  silver: 

3.860  grm.  BaG,  ppt.  4.002  grm.  Ag.  96.452 

5.790  "  6.003        "  96.452 

2.895  "  3-a>i        "  96.468 


Mean,  96.4573*  ±  '<^3^ 

Essentially  the  same  method  was  adopted  by  Marignac|| 
in  1848.  His  experiments  were  made  upon  four  samples  of 
barium  chloride,  as  follows.  A,  commercial  barium  chlo- 
ride, purified  by  recrystallization  from  water.  B,  the  same 
salt,  calcined,  redissolved  in  water,  the  solution  saturated 
with  carbonic  acid,  filtered,  and  allowed  to  crystallize.  C, 
the  preceding  salt,  washed  with  alcohol,  and  again  recrys- 
taUized.  D,  the  same,  again  washed  with  alcohol.  For  100 
parts  of  silver  the  following  quantities  of  chloride  were  re- 
quired : 

*  chemical  Gazette,  October,  1852. 

t  Compt  Rend.,  17,  318. 

JCompt.  Rend.,  20,  1047.     Journ.  filr  Prakt.  Chem.,  35,  73. 

[  Arch.  d.  Sd.  Phys.  et  Nat.,  8,  271. 
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96.356 

96.345 
96.362 

Mean,  96.3543»  ±  .0033 

B. 

96.356 
96.452 


Mean,  96.354,  dr  .0013 


C. 

96.358 
96.363 

Mean,  96.3605,  ±  .0017 


96.346 
96.384 
96.361 
96.377 


Mean,  96.367,  dr  .0057 

Dumas*  employed  barium  chloride  prepared  from  pure 
barium  nitrate,  and  took  the  extra  precaution  of  fusing  the 
salt  at  a  red  heat  in  a  current  of  dry  hydrochloric  acid  gas. 
Three  series  of  experiments  upon  three  samples  of  chloride 
gave  the  following  results : 


Series  A. 
1.7585  gnn.  BaCl,  =  1.826  grm.  Ag. 
3.842              **              3.988 
2.1585             "              2.2405      " 
4.0162            "              4.168        " 

Ratio,  96.303 

96.339 
96.340 

96.358 

Mean,  96.3325.  ±.  .0068 

♦Ann.  Chem.  Pharm.,  113,  22.     i860.      Ann.  Chim.  Phys.,  (3,)  55,  129. 
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Series  B, 

1.6625  gnn.  BaCl,  =  1.727  grm.  Ag.         Ratio,  96.265 

2.4987 

3.4468 

4.0822  «*  4-2395  "  96.290 

4-2062  "  43683  "  96.289 

4.4564  "  4629  "  96.271 

8.6975  **  9.031  "  96.307 


2.5946      "  96.304 

3.579        "  96.306 


Mean,  96.2902 

Series  C 

2.2957  gnn.  BaCl,  —  2.3835  grm.  Ag. 

Ratio,  96.316 

4.1372            «              4.293          " 

96.371 

4.2662            "              4.430          " 

96.303 

4.4764            *'              4.647 

96.329 

5.6397             «              5.852 

96.372 

Mean,  96.3382,  rb  .0096 

We  have  now  eight  series  of  experiments  upon  this  ratio, 
representing  thirty  distinct  estimations.  Combining,  we  get 
a  general  mean  as  follows : 

Pelouze - —  96.4573»  ±  0036 

Marignac,  A — 96.3543»  =t  .0033 

"         B 96.3540,  d=  .0013 

"         C 96.3605,^.0017 

"         D 96.3670,  =b  .0057 

Damas,  A * 96.3325,  rfc  .0068 

"       B 96.2902,  d=  .0043 

"      C 96.3382,  ifc  .0096 


General  mean 96.3596,  dr  .0009 

The  ratio  between  silver  and  crystallized  barium  chloride 
has  also  been  fixed  by  Marignac*  The  usual  method  was 
employed,  and  two  series  of  experiments  were  made ;  in  the 
second  of  which  the  water  of  crystallization  was  determined 
previous  to  the  estimation.  Five  grammes  of  chloride  were 
taken  in  each  determination.  The  following  quantities  of 
BaC1^2H20  correspond  to  100  parts  of  silver  ; 

*  Joom.  f.  Prakt.  Chem.,  74,  212.     1858. 
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A.  B. 

113.109  "3135 

113-135  113.122 

113.097  113.060 

Mean,  113. 114,  db  .0074  Mean,  113. 106,  dz  .0154 

The  general  mean  from  both  series  is  113.113,  zfc  .0067. 

The  direct  ratio  between  the  chlorides  of  silver  and 
barium  was  early  established  both  by  Berzelius*  and  Tur- 
ner, f  Berzelius  found  that  100  parts  of  dry  barium  chlo- 
ride gave  of  silver  chloride: 

138.06 
138.08 

Mean,  138.07,  rfc  .007 

Turner  made  five  experiments,  with  the  following  results: 

137.45 

137-54 
137-70 
137.62 

137.64 

Of  these.  Turner  regards  the  fourth  and  fifth  as  the  most 
exact.  These  give  a  mean  of  137.63,  ±  .007,  while  the 
other  three  are  in  mean  137.563,  ±  .049.  Combining  Ber- 
zelius' figures  with  those  of  Turner,  we  get  as  follows : 

Berzelius 138.07,    zb  .007 

Turner,  i,  2,  3.. —   137.563*  ±   049 

"       4,5 —    137.63,    ±.007 

General  mean 137.841,^.0047 

Incidentally  to  some  of  his  other  work  MarignacJ  deter- 
mined the  percei^tage  of  water  in  crystallized  barium  chlo- 
ride. Two  sets  of  three  experiments  each  were  made,  the 
first  upon  five  grammes  and  the  second  upon  ten  grammes 
of  salt.    The  following  are  the  percentages  obtained : 

*  Poggend.  Annal.,  8,  177. 

fPhil.  Trans.,  1829,291. 

J  Joum.  f.  Prakt.  Chem.,  74,  212.     1858. 


Digitized  by  VjOOQ iC 


BARIUM.  61 


A.  B. 

14.790  14.80 

14.796  14.81 

14.800  14.80 


Mean,  14.795,  ^  .0019  Mean,  14.803,  db  .002 

General  mean  of  both  series,  14.799,  ±  .0014 

The  ratio  between  barium  nitrate  and  barium  sulphate 
has  been  determined  only  by  Turner.*  According  to  his 
experiments  100  parts  of  sulphate  correspond  to  the  follow- 
ing quantities  of  nitrate : 

112.060 
111.990 
112.035 

Mean,  112.028,  =b  .014 

For  the  similar  ratio  between  the  sulphate  and  the  chlo- 
ride there  are  experiments  by  Turner,  Berzelius,  Struve, 
and  Marignac.  Tumerf  found  that  100  parts  of  chloride 
ignited  with  sulphuric  acid  gave  112.19  parts  of  sulphate. 
By  the  common  method  of  precipitation  and  filtration  a 
lower  figure  was  obtained,  because  of  the  slight  solubility  of 
the  sulphate.  This  point  bears  directly  upon  many  other 
atomic  weight  determinations. 

Berzelius,!  treating  barium  chloride  with  sulphuric  acid, 
obtained  the  following  results  in  BaS04  for  100  parts  of 
Baa,: 

112.17 
112.18 


Mean,  112. 175,  ±  .0034 

Struve,||  in  two  experiments,  found  : 

112.0912 
112.0964 

Mean,  112.0938,  +  .0018 

*PHU.  Trans.,  1833,538. 

fPhil.  Trans.,  1829,  291. 

JPoggend.  Annal.,  8,  177. 

II  Ann.  Chem.  Pharm.,  80,  204.     1 851. 
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Marignac's*  three  results  are  as  follows : 

8.520  grm.  BaCl,  gave  9:543  BaSO^.       Ratio,  112.007 

8.519  "  9.544      "  112.032 

8.520  "  9.542      "  I  "995 

Mean,  1 12.01 1,  db  .0071 

Rejecting  Turner's  single  result  as  unimportant,  we  may 
combine  the  other  series : 

Berzelius 112.175,    ±.0034 

Strove 112.0938,  dz  .0018 

Marignac —   112.011,    ±.0071 

General  mean 112.106,    ±.0015 

The  data  from  which  we  are  to  calculate  the  atomic  weight 
of  barium  may  now  be  tabulated  as  follows  : 

(l.)  Agj  :  BaCl^  : :  100  :  96.3596,  dr  .0009 

(2.)  Ag,  :  BaQ,.2HjO  : :  100  :  113. 1 13,  db  .0067 

(3.)  BaCl,  :  2AgCl  : :  100  :  137.841,  ±  .0047 

(4.)  Per  cent,  of  H,0  in  BaCl,.2H,0,  14.799,  =i=  .0014 

(5.)  BaSO^  :  BaN,0,  : :  112.028,  d=  .014 

(6.)  BaCl,  :  BaSO^  : :  100  :  1 1 2. 106,  ±  .0015 

From  these  ratios,  with  the  aid  of  the  atomic  weights 
already  established,  we  can  immediately  calculate  four  inde- 
pendent values  for  the  molecular  weight  of  BaClj : 

From  (I) BaClj  =  207.510,  dr  .019 

From  (2) "     =  207.662,  d=  .027 

From  (3) ♦•     =  207.536,  ±  .017 

From  (4) _     "     =  206.837,  ±  .045 

General  mean "     =  207.505,  dr  .011 

We  have  here  an  interesting  example  of  the  compensation 
of  constant  errors.  Ratios  (2)  and  (4)  both  represent  work 
done  by  Marignac  upon  barium  chloride  containing  water 
of  crystallization.  If  now,  as  is  not  improbable,  the  salt 
contained  a  trifling  excess  of  water,  the  molecular  weight  of 
barium  chloride  as  calculated  from  (2)  would  come  out  too 
high,  while  on  the  other  hand  the  result  from  ratio  (4) 
would  err  in  the  opposite  direction.    In  point  of  fact,  the 

*  Journ.  f.  Prakt.  Ckem.,  74,  212.     1858. 
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two  results  in  the  present  calculation  nearly  compensate 
each  other,  and,  on  account  of  their  relatively  high  prob- 
able errors,  they  exert  but  an  unimportant  influence  upon 
the  general  mean. 

In  conclusion,  we  have  three  independent  values  for  the 
atomic  weight  of  barium : 

From  mol.  wt.  of  BaCl, Ba  =  136.765,  rh  .031 

From  ratio  (5) ..  **  =  136.795,  ±  .364 

From  ratio  (6) , "  =  136.595,  db  .309 


General  mean "  =  136.763,  ±  .031 

If  0  =  16,  then  Ba  =  137.007.  In  other  words,  the  ratio 
between  oxygen  and  barium  is  almost  an  exact  ratio  between 
two  whole  numbers. 

In  the  above  discussion  it  will  at  once  be  noticed  that  the 
second  and  third  values  for  Ba  have  very  high  probable 
errors,  and  that  they  therefore  exert  almost  no  influence 
upon  the  general  mean.  This  fact  by  no  means  renders 
them  worthless  however,  for,  at  the  lowest  estimate,  they  are 
useful  in  confirmation  of  the  better  determinations.  It  is 
also  highly  probable  that  the  method  of  discussion,  rigidly 
carried  out,  does  not  do  them  absolute  justice. 


Digitized  by 


Google 


64  THE   ATOMIC   WEIGHTS. 


STRONTIUM. 


The  ratios  which  fix  the  atomic  weight  of  strontium  re- 
semble in  general  terms  those  relating  to  barium,  only  they 
are  fewer  in  number  and  represent  a  comparatively  small 
amount  of  work.  The  early  experiments  of  Stromeyer,* 
who  measured  the  volume  of  CO3  evolved  from  a  known 
weight  of  strontium  carbonAte,  are  hardly  available  for  the 
present  discussion.  So  also  we  may  exclude  the  determina- 
tion by  Salvetatjt  who  neglected  to  publish  sufficient  details. 

Taking  the  ratio  between  strontium  chloride  and  silver 
first  in  order,  we  have  series  of  figures  by  Pelouze  and  by 
Dumas.  PelouzeJ  employed  the  volumetric  method  already 
described  under  barium,  and  in  two  experiments  obtained 
the  subjoined  results.  In  another  column  I  append  the 
ratio  between  SrCl,  and  100  parts  of  silver: 

1.480  grm.  SrCl,  =  2.014  gnn.  Ag.  73*4S6 

2.210  "  3.008        "  73'47i 


Mean,  73.4781,  rh  .0050 

Dumas,||  by  the  same  general  method,  made  sets  of  ex- 
periments with  three  samples  of  chloride  which  had  pre- 
viously been  fused  in  a  current  of  dry  hydrochloric  acid. 
His  results,  expressed  in  the  usual  way,  are  as  follows : 

Series  A, 

3.137  grm.  SrClj  =  4.280  grm.  Ag.  Ratio,  73.2944 

1.982             "             2.705         "  73-2717 

3.041             "             4.142        "  734186 

3099             "             4.219        "  73.4534 


Mean,  73.359S.  ±  'Oy>Z 


♦Schweigg.  Joum.,  19,228.     1816. 
t  Compt.  Rend.,  17,  318.     1843. 

I  Compt.  Rend.,  20,  1047.     '845. 

II  Ann.  Chim.  Phys.,  (3,)  55,  29.     1859.      Ann.  Chem.  Pharm.,  113,  34. 
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Sfrifs  B, 

3.356  gnn.  SrCl,  =  4-574  gnn.  Ag.  Ratio,  733713 

6.3645           "            8.667        "  734327 

7.131             "            9-7^2        "  734246 

Mean,  734095.  ±  .0130 

SerUs  C. 

7.213  gnn.  SrCl,  =  9.811  gnn.  Ag.  Ratio,  73-5^95 

2.206            ««             3.006        "  73.3866 

4.268*           "             5.816        "  735529 

4.018            "             5.477        *^  73-3613 

Mean,  73-455  ^  ±  -0321 

Combining,  we  have : 

Peloaze 73.4781,  zt  .0050 

Dmnas,  A 73-3595.  :t  .0303 

"       B.- —1  73-4095.  ±  .0130 

"        C - 73.4551.  :i=  .0321 

General  mean 73-4655f  dt  .0046 

The  forgoing  figures  apply  to  anhydrous  strontium  chlo- 
ride. The  ratio  between  silver  and  the  crystallized  salt, 
SrClj.6HjO,  has  also  been  determined  in  two  series  of  ex- 
periments by  Marignac*  Five  grammes  of  salt  were  used 
in  each  estimation,  and,  in  the  second  series,  the  percentage 
of  water  was  first  determined.  The  quantities  of  the  salt 
corresponding  to  100  parts  of  silver  are  given  in  the  last 
column: 

Series  A. 

5  gnn.  SrCl,.6H,0  =  4.0515  gnn.  Ag.  1 23.411 

4.0495        "  123.472 

•«  "  4.0505        "  123.442 

Mean,  123.442,  d=  -012 

Series  B. 

5  gnn.  SrCl,.6H,0  =  4.0490  gnn.  Ag.  123.487 

"            "           4.0500        "  123.457 

««            «'           4-0490        "  123.487 

Mean,  123.477,  d=  .007 
General  mean  of  both  series,  123.470,  db  .006 

♦  Jouni.  Prakt.  Chem.,  74,  216.     1858. 
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In  the  same  paper  Marignac  gives  two  sets  of  determina- 
tions of  the  percentage  of  water  in  crystallized  strontium 
chloride.  The  first  set,  corresponding  to  "  B  "  above,  comes 
out  thus : 

40.556 

40.568 

40.566 


Mean,  40.563,  db  .0024 

In  the  second  set  ten  grammes  of  salt  were  taken  at  a 
time,  and  the  following  percentages  were  found : 

40.58 
40.59 
40.58 


Mean,  40.583,  d=  .0020 
General  mean,  from  both  series,  40.575,  d=  .0015 

The  chloride  used  in  the  series  of  estimations  last  given 
was  subsequently  employed  for  ascertaining  the  ratio  be- 
tween it  and  the  sulphate.  Converted  directly  into  sulphate, 
100  parts  of  chloride  yield  the  quantities  given  in  the  third 
column : 

5.942  grm.  SrCljgave  6.887  gnn*  SrSO^.  II5'932 

5.941  "  6.8855  "  "5-949 

5.942  "  6.884  "  "5927 


Mean,  115.936,  rfc  .004 

Now,  to  sum  up  the  ratios  and  calculate  the  atomic 
weight  of  strontium. 

(I.)  Ag  :  SrCl,  : :  100  :  73-4655»  ±  -0046 
(2.)  Ag  :  Sra,.6H,0  : :  100  :  123.470,  d=  .006 
(3.)  Per  cent,  of  H,0  in  SrCl,.6H,0,  40.575,  ±  .0015 
(4.)  SrCl,  :  SrSO^  : :  100  :  1 15.936,  ±  .004 

We  now  have  the  molecular  weight  of  SrCl,,  as  follows: 

From  (i) SrCl,  =  158.208,  d=  .017 

From  (2) "    =  I58.ii3»  ±  -034 

From  (3) «    =  157-852,  ifc  .032 


General  mean "     =  158.124,  db  .014 
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And  for  the  atomic  weight  of  strontium  itself  we  have 
two  values,  as  follows : 

1.  From  mol.  wt.  of  SrCl, Sr  =  87.384,  db  .032 

2.  From  (4) "  =  86.765,  db  .244 

General  mean "  =  87.374,  ±  .032 

If  O  =  16,  then  Sr  =  87.575. 


CALCIUM 


For  determining  the  atomic  weight  of  calcium  we  have 
sets  of  experiments  by  Berzelius,  Erdmann  and  Marchand, 
and  Dumas.  Salv6tat*  also  has  published  an  estimation, 
but  without  the  details  necessary  to  enable  us  to  make  use 
of  his  results.  I  also  find  a  refer encef  to  some  work  of 
Marignac ;  which,  however,  seems  to  have  been  of  but  little 
importance.  The  earlier  work  of  Berzelius  was  very  in- 
exact as  regards  calcium,  and  it  is  not  until  we  come  down 
to  the  year  1842  that  we  find  any  material  of  decided  value. 

The  most  important  factor  in  our  present  discussion  is  the 
composition  of  calcium  carbonate,  as  worked  out  by  Dumas 
and  by  Erdmann  and  Marchand. 

In  1842  DumasJ  made  three  ignitions  of  Iceland  spar, 
and  determined  the  percentages  of  carbon  dioxide  driven 
off  and  of  lime  remaining.  The  impurities  of  the  material 
were  also  determined,  the  correction  for  them  applied,  and  the 
weighings  reduced  to  a  vacuum  standard.  The  percentage 
of  lime  came  out  as  follows : 

56.12 
56.04 
56.06 


Mean,  56.073,  rfc  .016 


*Compt.  Rend.,  17,  318.     1843. 
f.See  Oudeman's  monograph,  p.  51. 
JCompt.  Rend.,  14,  537.     1842. 
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About  this  same  time  Erdmann  and  Marchand*  b^an 
their  researches  upon  the  same  subject.  TVo  ignitions  of 
spar,  containing  .04  per  cent,  of  impurity,  gave  respectively 
56.09  and  56.18  per  cent,  of  residue;  but  these  results  are 
not  exact  enough  for  us  to  consider  further.  Four  other 
results  obtained  with  artificial  calcium  carbonate  are  more 
noteworthy.  The  carbonate  was  precipitated  from  a  solu- 
tion of  pure  calcium  chloride  by  ammonium  carbonate,  was 
washed  thoroughly  with  hot  water,  and  dried  at  a  tempera- 
ture of  180°.  With  this  preparation  the  following  residues 
of  lime  were  obtained : 

56.03 
55.98 
56.00 
55.99 


Mean,  56.00,  d=  .007 

It  was  subsequently  shown  by  Berzelius  that  calcium  car- 
bonate prepared  by  this  method  retains  traces  of  water  even 
at  200°,  and  that  minute  quantities  of  chloride  are  also  held 
by  it.  These  sources  of  error  are,  however,  in  opposite  di- 
rections, since  one  would  tend  to  diminish  and  the  other  to 
increase  the  weight  of  residue. 

In  the  same  paper  there  ar^  also  two  direct  estimations  of 
carbonic  acid  in  pure  Iceland  spar,  which  correspond  to  the 
following  percentages  of  lime : 

56.00 
56.02 


Mean,  56.01,  ±:  .007 

In  a  still  later  paperf  the  same  investigators  give  another 
series  of  results  based  upon  the  ignition  of  Iceland  spar. 
The  impurities  were  carefully  estimated,  and  the  percentages 
of  lime  are  suitably  corrected : 


*  Joum.  mr  Prakt.  Chem.,  26,  472.     1842. 
t  Joum.  fiir  Prakt.  Chem.,  31,  269.     1844. 
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4.2134  gnn. 

CaCO, 

gave  2.3594  gnn.  CaO. 

55.997  per  cent. 

15.1385 

n 

8.4810 

56.022       " 

23.5503 

tt 

13.1958 

56.031 

23.6390 

>« 

13.2456 

56.032       " 

42.0295 

« 

23.5533 

56.044       " 

49.7007 

« 

27.8536 

Mean, 

56.042       " 

56.028,  ■+■  .004 
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Six  years  later  Erdmann  and  Marchaud*  published  one 
more  result  upon  the  ignition  of  calcium  carbonate.  They 
found  that  the  compound  began  giving  oflF  carbon  dioxide 
below  the  temperature  at  which  their  previous  samples  had 
been  dried,  or  about  200°,  and  that,  on  the  other  hand, 
traces  of  the  dioxide  were  retained  by  the  lime  after  ignition. 
These  two  errors  do  not  compensate  each  other,  since  both 
tend  to  raise  the  percentage  of  lime.  In  the  one  experiment 
now  under  consideration  these  errors  were  accurately  esti- 
mated, and  the  needful  corrections  were  applied  to  the  final 
result.  The  percentage  of  residual  lime  in  this  cage  came 
out  55.998.  This  agrees  tolerably  well  with  the  figures 
found  in  the  direct  estimation  of  carbonic  acid,  and,  if  com- 
bmed  with  those  two,  gives  a  mean  for  all  three  of  56.006, 
±.0043. 

Combining  all  these  series  we  get  the  following  result : 

Dumas 56.073,  ±.016 

Erdmann  and  Marchand 56.006,  =t=  .007 

"  "         56.028,  db  .0047 

**  "         _  56.006.  ifc  .0043 


General  mean 56.0198,  zfc  .0029 

For  reasons  given  above  this  mean  is  probably  vitiated 
by  a  slight  constctnt  error,  which  makes  the  figure  a  trifle 
too  high. 

In  the  earliest  of  three  papers  by  Erdmann  and  Marchand 
there  is  also  given  a  series  of  determinations  of  the  ratio 
between  calcium  carbonate  and  sulphate.     Pure  Iceland 

*  Joum.  filr  Prekt.  Chem.,  50,  237.     1850. 
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spar  was  carefully  converted  into  calcium  sulphate,  and  the 
gain  in  weight  noted.  One  hundred  parts  of  spar  gave  of 
sulphate : 

136.07 
136.06 
136.02 
136.06 


Mean,  136.0525,  dr  .0071 

In  1843  the  atomic  weight  of  calcium  was  redetermined 
by  Berzelius,*  who  investigated  the  ratio  between  lime  and 
calcium  sulphate.  The  calcium  was  first  precipitated  from 
a  pure  solution  of  nitrate  by  means  of  ammonium  car- 
bonate, and  the  thoroughly  washed  precipitate  was  dried 
and  strongly  ignited  in  order  to  obtain  lime  wholly  free 
from  extraneous  matter.  This  lime  was  then,  with  suitable 
precautions,  treated  with  sulphuric  acid,  and  the  resulting 
sulphate  was  weighed.  Correction  was  applied  for  the  trace 
of  solid  impurity  contained  in  the  acid,  but  not  for  the 
weighing  in  air.  The  figures  in  the  last  column  represent 
the  percentage  of  weight  gained  by  the  lime  upon  conversion 
into  sulphate  : 

1.80425  grm.  CaO  gained  2.56735  grm.  142.295 

2.50400  "  3.57050    "  142.592 

3.90000  "  5-55HO    "  142.343 

3.04250  "  4.32650    "  142.202 

3.45900  "  4.93140    "  142.567 


Mean,  142.3998,  d=  .0518 

Last  of  all  we  have  the  ratio  between  calcium  chloride 
and  silver,  as  determined  by  Dumas.f  Pure  calcium  chlo- 
ride was  first  ignited  in  a  stream  of  dry  hydrochloric  acid, 
and  the  solution  of  this  salt  was  after.wards  titrated  with  a 
silver  solution  in  the  usual  way.  The  CaCl,  proportional 
to  100  parts  of  Ag  is  given  in  a  third  column  : 


*  Joum.  fUr  Prakt.  Chem.,  31,  263.     Ann.  Chem.  Pharm.,  46,  241. 

t  Ann.  Chim.  Phys.,  (3,)  55,  129,     1859.      Ann.  Chem.  Pharm.,  113,  34. 
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2.738  gnn.  CaCl,  =  5.309  gnn.  Ag.  51-573 

2.436  "  4.731        "  51-490 

1.859  "  3-617        "  5»-396 

2.771  «  5.3885      «  51.424 

2.240  «  4.3585      «  51.394 

Mean.  5»-4554»  ±  •o«30 

We  have  now  four  ratios  to  calculate  from,  as  follows : 

(I.)  Per  cent,  of  CaO  in  CaCO,,  56.0198,  ±  .0029 

(2.)  CaO  :  SOg  : :  100  :  142.3998,  db  .0518 

(3.)  CaCO,  :  CaSO^  : ;  100  :  136.0525,  ±:  .0071 

(4.)  Ag  :  CaCl,  : :  100  :  51.4554.  ±  .0230 

These  give  us  the  subjoined  values  for  calcium  : 

From  (i) Ca  =  39.955,  ±  .011 

From  (2). "  =40.139,  ±  .023 

From  (3) "  =  39-925.  ±  '06S 

From  (4) "  =40.069,  rfc  .058 

General  mean "  =  39.990,  d:  .010 

If  0  =  16,  then  Ca  =  40.082. 

A  glance  at  the  above  figures  will  show  that,  if,  as  is 
probable,  the  value  deduced  from  the  composition  of  calcium 
carbonate  is  a  trifle  too  high,  the  general  mean  must  be  too 
liigh  also.  It  is,  therefore,  interesting  to  see  what  result  the 
very  latest  of  Erdmann  and  Marchand's  experiments  will 
lead  to.  They  found,  after  taking  every  precaution,  in  a 
single  experiment  that  calcium  carbonate  yielded  55.998  per 
cent,  of  lime.  From  this  we  get  Ca  =  39.905 ;  or,  if  0  = 
16,  Ca  =  39.997.  It  is  possible,  then,  that  "Front's  law" 
may  hold  good  for  calcium. 
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LEAD. 

For  the  atomic  weight  of  lead  we  have  to  consider  experi- 
ments made  upon  the  oxide,  chloride,  nitrate,  and  sulphate. 
The  researches  of  Berzelius  upon  the  carbonate  and  various 
organic  salts  need  not  now  be  considered,  nor  is  it  worth 
while  to  take  into  account  any  work  of  his  done  before  the 
year  1818.  The  results  obtained  by  Dobereiner*  and  by 
Longchampt  are  also  without  special  present  value. 

For  the  exact  composition  of  lead  oxide  we  have  to  de- 
pend upon  the  researches  of  Berzelius.  His  experiments 
were  made  at  different  times  through  quite  a  number  of 
years ;  but  were  finally  summed  up  in  the  last  edition  of 
his  famous  "  Lehrbuch."J  In  general  terms  his  method  of 
experiment  was  very  simple.  Perfectly  pure  lead  oxide  was 
heated  in  a  current  of  hydrogen,  and  the  reduced  metal 
weighed.  From  his  weighings  I  have  calculated  the  per- 
centages of  lead  thus  found  and  given  them  in  a  third 
column ; 

Earlier  Results. 


8.045  grai. 

PbO 

gave  7.4675  grm.  Pb. 

92.8217  percent. 

14.183 

(i 

13.165 

« 

92.8224 

(« 

10.8645 

<« 

10.084 

«< 

92.8160 

(t 

13- 1465 

(( 

12.2045 

*♦ 

92.8346 

u 

21.9425 

" 

20.3695 

" 

92.8313 

t( 

".159 

" 

10.359 

Latest. 

" 

92.8309 

u 

6.6155 

c« 

6. 141 

" 

92.8275 

ti 

14.487 

If 

13.448 

«< 

92.8280 

t« 

14.626 

11 

13.5775 

(( 

92.8313 

C( 

Mean,  92.8271,  =b  .0013 

For  the  synthesis  of  lead  sulphate  we  have  data  by  Ber- 
zelius, Turner,  and  Stas.    Berzelius,||  whose  experiments 

*Schweig.  Journ.,  17,  241.     1816. 
t  Ann.  Chim.  Phys.,  34,  105.     1827. 
JBd.  3,  s.  1218. 
II  Lehrbuch,  5th  Ed.,  3,  1187. 
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were  intended  rather  to  fix  the  atomic  weight  of  sulphur, 
dissolved  in  each  estimation  ten  grammes  of  pure  lead  in 
nitric  acid,  then  treated  the  resulting  nitrate  with  sulphuric 
acid,  brought  the  sulphate  thus  formed  to  dryness,  and 
weighed.    One  hundred  parts  of  metal  yield  of  PbS04 : 

146.380 

I46.4cx> 
146.440 
146.458  • 

Mean,  146.419,  rb  .012 

Turner,*  in  three  similar  experiments,  found  as  follows : 

146.430 
146.398 
146.375 

Mean,  146.401,  d:  .oil 

In  these  results  of  Turner's  absolute  weights  are  implied. 

The  results  of  Stas'  syntheses,!  effected  after  the  same 
general  method,  but  with  variations  in  details,  are  as  follows. 
Corrections  for  weighing  in  air  were  applied : 

146.443 
146.427 
146.419 
146.432 
146.421 
146.423 

Mean,  146.4275,  ±  .0024 

Combining,  we  get  the  subjoined  result : 

BerzeUns * 146.419,    d=  .012 

Turner 146.401,    ±  .011 

Stas 146.4275,  d=  .0024 

General  mean 146.4262,^1.0023 

Turner,  in  the  same  paper,  also  gives  a  series  of  sjnatheses 
of  lead  sulphate,  in  which  he  starts  from  the  oxide  instead 

♦  Phil.  Trans. ,  1833,  527-538- 
t  Aronstein*s  Translation,  333. 
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of  from  the  metal.    One  hundred  parts  of  PbO,  upon  con- 
version mto  PbSOi,  gained  weight  as  follows : 

35.84 

35-71 

35.84 
35.75 
35.79 
35.78 
35.92 


Mean,  35.804,  ±  .018 

These  figures  are  not  wholly  reliable.  Numbers  one,  two, 
and  three  represent  lead  oxide  contaminated  with  traces  of 
nitrate.  The  oxide  of  four,  five,  and  six  contained  traces 
of  minium.  Number  seven  was  free  from  these  sources  of 
error,  and,  therefore,  deserves  more  consideration.  The 
series  as  a  whole  undoubtedly  gives  too  low  a  figure ;  and 
this  error  would  tend  to  slightly  raise  the  atomic  weight  of 
lead. 

Still  a  third  series  by  Turner  establishes  the  ratio  between 
the  nitrate  and  the  sulphate ;  a  known  weight  of  the  former 
being  in  each  experiment  converted  into  the  latter.  One 
hundred  parts  of  sulphate  represent  of  nitrate : 

109.312 
109.310 
109.300 


Mean,  109.307,  dr  .002 

In  all  these  experiments  by  Turner  the  necessary  correc- 
tions were  made  for  weighing  in  air. 

For  the  ratio  between  lead  chloride  and  silver  we  have  a 
series  of  results  by  Marignac  and  one  experiment  by  Dumas. 
There  are  also  unavailable  data  by  Turner  and  by  Ber- 
zelius. 

Marignac,*  applying  the  method  used  in  his  researches 
upon  barium  and  strontium,  and  working  with  lead  chlo- 
ride which  had  been  dried  at  200°,  obtained  these  results. 

*  Journ.  fUr  Prakt.  Chem.,  74,  218.  1858. 
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The  third  column  gives  the  ratio  between  PbClj  and  100 
parts  of  Ag: 


4.9975  grm.  PbCl,  =  3.8810  grm.  Ag. 

128.768 

4.9980     "      3.8«35    " 

128.698 

5.0000     "      3.8835 

128.750 

5.0000     "      3.8860 

128.667 

Mean,  128.721,  d:  .016 

Dumas,*  in  his  investigations,  found  that  lead  chloride 
retains  traces  of  water  even  at  250°,  and  is  sometimes  also 
contaminated  with  oxychloride.  In  one  estimation  8.700 
grammes  PbCl  ^  saturated  6.750  of  Ag.  The  chloride  con- 
tained .009  of  impurity;  hence,  correcting,  Ag  :  PbCl,  :  : 
100  :  128.750.  If  we  assign  this  figure  equal  weight  with 
those  of  Marignac,  we  get  as  the  mean  of  all,  128.7266,  ifc 
.013.  The  sources  of  error  indicated  by  Dumas,  if  they  are 
really  involved  in  this  mean,  would  tend  slightly  to  raise 
the  atomic  weight  of  lead. 

The  synthesis  of  lead  nitrate,  as  carried  out  by  Stas,t 
gives  excellent  results.  Two  series  of  experiments  were 
made,  with  from  103  to  250  grammes  of  lead  in  each  deter- 
mination. The  metal  was  dissolved  in  nitric  acid,  the  solu- 
tion evaporated  to  dryness  with  extreme  care,  and  the 
nitrate  weighed.-  All  weighings  were  reduced  to  the  vacuum 
standard.  In  series  A  the  lead  nitrate  was  dried  in  an  air 
current  at  a  temperature  of  about  155°.  In  series  B  the 
drying  was  eflFected  in  vacuo.    100  of  lead  yield  of  nitrate : 


>59.973 

159.975 
159.982 

159975 
159.968 

159973 

Mean,  159.97431  d=  .0012 


♦Ann.  Chem.  Pharm.,  113,  35.     i860, 
t  Aronstein's  Translation,  326. 
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B. 
159.970 
159.964 

159959 
159.965 

Mean,  159.9645,  ±  .0015 
Mean  from  both  series,  159.9704,  d=  .0010 

There  still  remain  to  be  noticed  two  sets  of  experiments 
upon  lead  nitrate,  which  were  originally  intended  to  estab- 
lish the  atomic  weight  of  nitrogen.  Lead  nitrate  wa^ care- 
fully ignited  and  the  residual  oxide  weighed.  The  first 
series,  bearing  Svanberg's  name,*  gives  simply  the  percent- 
age of  oxide  found,  as  follows : 

67.4030 
67.4036 
67.4043 
67.3956 


Mean,  67.4016,  dr  .0014 

The  second  series  is  by  Anderson,t  and  gives  the  weigh- 
ings upon  which  the  percentages  rest.  The  latter  come  out 
thus  : 

5.19485  grm.  PbNjOjgave  3.5017  gnn.  PbO.  67.4071  percent. 

9.7244  "  6.5546         "  67.40^^7       " 

9.2181  "  6.2134         "  67.4044      ♦* 

9.6530  "  6.5057  "  67.3957       " 


Mean,  67.4027,  zb  .0016 

It  will  at  once  be  seen  that  these  series  are  identical ;  the 
discordance  between  the  first  figures  of  the  two  being  un- 
doubtedly due  to  some  misprint  in  the  weighings  of  the 
Anderson  set.  How  it  happens  that  the  same  work  has 
been  published  by  two  separate  authors  I  will  not  attempt 
to  explain ;  neither  will  I  undertake  to  determine  which  of 
the  two  is  really  entitled  to  credit. 

*  Joum.  filr  Prakt  Chem.,  27,  381.     1842. 
t  Ann.  Chim.  Phys.,  (3,)  9,  254.     1843. 
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We  have  now  seven  ratios  upon  which  to  base  our  com- 
putations : 

(i.)  Per  cent,  of  Pb  in  PbO,  92.8271,  db  .0013 
(2.)  Per  cent,  of  PbO  in  PbN,0,,  67.4016,  ±  .0014 
(3.)  Pb  :  PbSO^  : :  lOO  :  146.4262,  dr  .0023 
(4.)  PbO  :  PbSO^  : :  100  :  135.804,  i  .018 
(5.)  PbS04  :  PbNjOj  : :  100  :  109.307,  ±  .002 
(6.)  Pb  :  PbNjOj  : :  lOO  :  159.9704,  ±  .0010 
(7.)  Ag  :  PbCl,  : :  lOO  :  128.7266,  ±  .013 

Discussing  these  separately,  we  get  an  equal  number  of 
values  for  the  atomic  weight  of  lead : 

From  (i) Pb  —  206.587,  dt  .059 

"  (2) "  =:=  207.046,  zt  .041 

"  (3) "  =  206.435,  ±  -041 

"  (4)- "  =  207.131,  ±  .118 

"  (5) —  "  =  204.803,  ±  .329 

"  (6)— "  =  206.454,  ±  .037 

"  (7) "  =  206.473,  =h  .042 

General  mean "  =  206.604,  =fc  -019 

If  0  =  16,  this  becomes  Pb  =  207.079. 

In  the  above  discussion  are  included  several  values  which 
-diverge  widely  from  this  general  mean,  and  which,  for 
other  reasons,  are  probably  erroneous.  Although  but  one  of 
these  carries  much  weight,  it  is  as  well  to  exclude  them,  and 
to  base  our  computations  upon  the  others.  If,  now,  we 
reject  the  second,  fourth,  and  fifth  values,  we  get  for  the 
atomic  weight  of  lead,  Pb  =  206.471,  ±  .021.  If  O  =  16, 
this  becomes  Pb  =  206.946.     ' 

From  the  synthesis  of  the  nitrate  Stas  found  206.918,  and 
from  the  sulphate,  206.934.  The  agreement  of  these  values 
with  our  own  general  mean  is  certainly  very  close. 
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FLUORINE. 


The  atomic  weight  of  fluorine  has  been  determined  only 
by  one  general  method,  namely,  by  the  conversion  of  flu- 
orides into  sulphates.  Excluding  the  early  results  of  Davy,* 
we  have  only  to  consider  the  experiments  of  Berzelius, 
Louyet,  Dumas,  and  DeLuca,  with  reference  to  the  fluorides 
of  calcium,  sodium,  potassium,  barium,  and  lead. 

The  ratio  between  calcium  fluoride  and  sulphate  has  been 
determined  by  the  four  investigators  above  named,  and  by 
one  general  process.  The  fluoride  is  treated  with  strong 
sulphuric  acid,  the  resulting  sulphate  is  ignited,  and  the 
product  weighed.  In  order  to  ensure  complete  transforma- 
tion special  precautions  are  necessary ;  such,  for  instance,  as 
repeated  treatment  with  sulphuric  acid,  and  so  on.  For 
details  like  these  the  original  papers  must  be  consulted. 

The  first  experiments  in  chronological  order  are  those  of 
Berzelius,t  who  operated  upon  an  artificial  calcium  fluoride. 
He  found,  in  three  experiments,  for  one  part  of  fluoride  the 
following  of  sulphate  : 

1-749 
1.750 
1.751 

Mean,  1.750,  rb  .0004 

Louyet's  researcbesj  were  much  more  elaborate  than  the 
foregoing.  He  began  with  a  remarkably  concordant  series 
of  results  upon  fluor  spar,  in  which  one  gramme  of  the  flu- 
oride yielded  from  1.734  to  1.737  of  sulphate.  At  first  he 
regarded  these  as  accurate,  but  he  soon  found  that  particles 
of  spar  had  been  coated  with  sulphate,  and  had  therefore 
escaped  action.  In  the  following  series  this  source  of  error 
was  guarded  against. 

*Phil.  Trans.,  1814,64. 

t  Poggend.  Annal.,  8,  i.  1826. 

X  Ann.  Chim.  Phys.,  (3,)  25,  300.  1849. 
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Starting  with  fluor  spar,  Louyet  found  of  sulphate  as 

follows : 

1.742 
1.744 

1-745 
1.744 
1.7435 
1.7435 

Mean,  i.7437»  ±  -0003 

A  second  series,  upon  artificial  fluoride,  gave : 

1.743 
1. 741 
f.741 

Mean,  1.7417,  ±  .0004 

Dumas*  published  but  one  result  for  calcium  fluoride. 
.495  grm.  gave  .864  grm.  sulphate,  the  ratio  being  1  :  1.7455. 

De  Lucaf  worked  with  a  very  pure  fluor  spar,  and  pub- 
lished the  following  results.  The  ratio  between  CaSO^  and 
one  gramme  of  CaF,  is  given  in  the  third  column : 

.9305  gnn.  CaF,  gave  1.630  grm.  CaS04.  1-75 18 

.836  "  1.459  "  1.7452 

.502  "  .8755        «  1.7440 

.3985  "  6945        "  1.7428 

If  we  include  Dumas'  single  result  with  these,  we  get  a 
mean  of  1.7459,  ±  .0011. 

Upon  combining  all  these  series,  we  get  as  follows : 

Berzelins i.7500,  ±.0004 

Louyet,  1st  series i.7437»  dt  .0003 

"       2d     "     1. 74 1 7,  ±  .0004 

De  Luca  and  Dumas .. i.7459f  d=  .0011 

General  mean 1.74493,  =t  .0002 

For  the  ratio  between  the  two  sodium  salts  we  have  ex- 
periments by  Dumas  and  by  LouyetJ  According  to  Louyet 
one  gramme  of  NaF  gives  of  Na^O^  : 

♦Ann.  Chem.  Pharm.,  113,  28.     i860. 
t  Compt.  Rend.,  51,  299.     i860. 
X  See  the  papers  already  quoted. 
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I.6S6 
1.683 
1.685 


Mean,  1.6847,  dz  .0006 

The  weighings  published  by  Dumas  are  as  follows : 

•777  gnn.  NaF  give  1.3 12  gnn.  Na,SO^.      katio,  1.689 
1.737  **  2.930  "  «      1.687 


Mean,  1.688,  ±  .0007 

The  general  mean  of  both  series  is  1.6863,  ±.  .0004. 

Dumas  also  gives  experiments  upon  potassium  fluoride. 
The  quantity  of  sulphate  formed  from  one  gramme  of  flu- 
oride is  given  in  the  last  column : 

1.483  gnn.  KFgive  2.225  &""•  K^SO^.  1.5002 

1.309  "  I.961  "  1.4981 


Mean,  1.4991,  rfc  .0007 

The  ratios  for  the  fluorides  of  lead  and  of  barium  are  due 
entirely  to  Louyet.    One  gramme  BaF,  gave  of  BaSO^: 

1332 
1.331 
1330 


Mean,  1.331,  ±  .0004 

With  the  lead  fluoride  a  new  method  of  treatment  was 
adopted.  The  salt  was  fused,  powdered,  dissolved  in  nitric 
acid,  and  precipitated  by  dilute  sulphuric  acid.  The  evap- 
oration of  the  fluid  and  the  ignition  of  the  sulphate  was 
then  effected  without  transfer.  Five  grammes  of  fluoride 
were  taken  in  each  operation,  yielding  of  sulphate : 

6.179 
6.178 
6.178 


Mean,  6.1783,  dr  .0002 

We  now  have  five  ratios  to  calculate  from,  as  follows : 
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(i.)  CaFj  :  CaSO^  : :  i.o  :  1.74493,  ±  -0002 
(2.)  NaF  :  Na^SO^  : :  i.o  :  1.6863,  ±:  .0004 
(3.)  KF  :  K^SO^  : :  1.0  :  1. 4991,  ±:  .0007 
(4.)  BaF,  :  BaSO^  : :  1.0  :  1. 3310,  d=  .0004 
(5.)  PbF,  :  PbSO^  : :  5.0  :  6.1783,  db  .0002 

From  these  we  get  five  values  for  F : 

From  (i) F  =  18.926,  zt  .009 

"     (2) "  =  19.050,  zh  .014 

"     (3) — "  =  i8.975»  ±  -032 

«     (4) "  =  i8.993»  =fc  -033 

"      (5) "  =-  19.092,  zt  .016 

General  mean "  =  18.984,  ±  .0065 

If  0  =  16,  this  becomes  19.027. 

Before  leaving  the  subject  of  fluorine  we  must  notice  two 
possible  sources  of  error  beyond  the  always  to  be  considered 
one  of  impurities  in  the  materials  employed.  First,  an  in- 
complete conversion  of  a  fluoride  into  a  sulphate  would  lead 
to  results  tending  to  raise  the  atomic  weight  of  fluorine. 
On  the  other  hand,  the  value  for  fluorine  which  has  most 
-weight  is  that  derived  from  calcium  fluoride.  But  it  was 
show^n  under  calcium  that  the  atomic  weight  determined  for 
that  metal  was  probably  a  trifle  too  high.  This  error,  intro- 
duced into  our  fluorine  calculations,  tends  to  lower  our  final 
results.  These  two  errors,  then,  if  they  really  exist,  will,  in 
part  at  least,  compensate  each  other. 
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PHOSPHORUS. 

The  material  from  which  we  are  to  calculate  the  atomic 
weight  of  phosphorus  is  by  no  means  abundant.  Berzelius, 
in  his  Lehrbuch,*  adduces  only  his  own  experiments  upon 
the  precipitation  of  gold  by  phosphorus,  and  ignores  all  the 
earlier  work  relating  to  the  composition  of  the  phosphates. 
These  experiments  we  will  consider  with  reference  to  gold. 

Pelouze,t  in  a  single  titration  of  phosphorus  trichloride 
with  a  standard  solution  of  silver,  obtained  a  wholly  erro- 
neous result ;  and  Jacquelain,J  in  his  similar  experiments, 
did  even  worse.  Schrotter's  criticism  upon  Jacquelain  suf- 
ficiently disposes  of  the  latter.|| 

There  are,  in  short,  but  two  investigations  upon  the 
atomic  weight  of  phosphorus  which  have  any  value  for 
present  purposes,  namely,  the  researches  of  Schrotter  and  of 
Dumas.  These  chemists  worked  with  diflferent  materials 
and  by  different  methods,  s^d  yet  obtained  beautifully  con- 
cordant results. 

Schr6tter§  burned  pure  amorphous  phosphorus  in  dry 
oxygen,  and  weighed  the  pentoxide  thus  formed.  One 
gramme  of  P  yielded  F.fi^  in  the  following  proportions : 

2.28909 

2.28783 

2.29300 

2.28831 

2.29040 

2.28788 

2.28848 

2.28856 

2.28959 

2.28872 

Mean,  2.289186,  ±  .00033 

Hence  P  =  30.9562,  ±  .0074. 

*  5th  Ed.,  ii88. 

tCompt.  Rend.,  20,  1047. 

X  Compt.  Rend.,  33,  693. 

II  Joum.  filr  Prakt.  Chem.,  57,  315. 

2  Joum.  filr  Prakt.  Chem.,  53,  435.     1851. 
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Dumas*  prepared  pure  phosphorus  trichloride  by  the 
action  of  dry  chlorine  upon  red  phosphorus.  The  portion 
used  in  his  experiments  boiled  between  76°  and  78°.  This 
was  titrated  with  a  standard  solution  of  silver  in  the  usual 
manner.  Dumas  publishes  weights,  from  which  I  calculate 
the  figures  given  in  the  third  column,  representing  the 
quantity  of  trichloride  proportional  to  100  parts  of  silver : 


1.787  grm.  PClj  - 

=  4.208  grm.  Ag. 

42.4667 

1.466 

3.454        " 

42.443s 

2.056 

4.844        " 

42.4443 

2.925 

6.890 

42.4528 

3.220            " 

7.582        « 

42.4690 

Mean,  42-4553.  ±  0036 

Hence  P  =  31.0314,  ±:  .0467. 

Now,  combining  these  two  values,  we  have  : 

By  SchrSttcr P  =  30.9562,  d=  .0074 

By  Dumas **  =  31.0314,  zt  .0467 


General  mean. "  =  30.9580,  i  .0073 

If  0  =  16,  this  becomes  31.0292. 

The  feet  here  noticeable,  that  Dumas'  figures  give  a  value 
for  P  slightly  higher  than  that  deduced  from  those  of 
Schrotter,  may  be  accounted  for  upon  the  supposition  that 
the  phosphorus  trichloride  contained  traces  of  oxychloride. 
Such  an  impurity  would  tend  to  raise  the  apparent  atomic 
weight  of  phosphorus,  and  its  occurrence  is  by  no  means 
improbable. 

*  Ann.  Chem.  Pharm.,  113,  29.     i860. 
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BORON. 


The  atomic  weight  of  this  element  has  been  determined 
by  Berzelius  and  by  Laurent,  and  calculated  by  Dumas 
from  some  experiments  by  Deville. 

Berzelius*  based  his  determination  upon  three  concordant 
estimations  of  the  percentage  of  water  in  borax.  Laurentf 
made  use  of  two  similar  estimations,  and  all  five  may  be 
properly  put  in  one  series,  thus  : 

47.10I 

47.10  j-Berzelius. 
47- 10  J 


Mean,  47.13,  dr  .013 

Hence  B  =  10.943,  ±  .023. 

Dumas't  calculations  were  based  on  Deville*s  analyses  of 
the  chloride  and  bromide  of  boron,  which  give  the  ratios 
between  AgCl  and  BCl,,  and  between  AgBr  and  BBr,.  Re- 
ducing the  weighings  to  a  common  standard,  100  parts  of 
silver  chloride  correspond  to  the  quantities  of  boron  tri- 
chloride given  in  the  third  column : 

.6763  grm.  BC,  =  2.447  grm-  AgQ.  27.303 

.923  "  3-395  "  27.187 


Mean,  27.245,  rfc  .0^9 

Hence  B  =  10.808,  ±  .174. 

With  the  bromide,  2.446  BBr,  gave  5.496  AgBr.  If  we 
assign  this  experiment  equal  weight  with  one  in  the  chlo- 
ride series,  and  include  the  probable  error  of  Br,  B  = 
10.964,  ±  .364. 

The  three  values  combine  as  follows : 


*  Poggend.  Annal.,  8,  I.     1826. 

f  Journ.  (Ur  Prakt.  Chem.,  47,  415.     1849. 

I  Ann.  Chem.  Pharm.,  113,  31.     i860. 
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From  borax B  =  10.943,  ib  .023 

From  BCl, "  =  10.808,  ±  .174 

From  BBr, "  =  10.964,  dr  .364 


General  mean "  =  10.941,  zb  .023 

If  0  =  16,  B  =  10.966. 

Further  investigation  of  the  atomic  weight  of  boron  is 
evidently  desirable. 


SILICON. 

Although  Berzelius""  attempted  to  ascertain  the  atomic 
weight  of  silicon,  first  by  converting  pure  Si  into  SiO,,  and 
later  from  the  analysis  of  BaSiF^,  his  results  were  not  satis- 
factory. We  need  only  consider  the  estimations  of  Pelouze, 
Schiel,  and  Dumas. 

Pelouze,t  experimenting  upon  silicon  tetrachloride,  em- 
ployed his  usual  method  of  titration  with  a  solution  con- 
taining a  known  weight  of  silver.  One  hundred  parts  of 
Ag  gave  the  following  equivalencies  of  SiCl^ : 

394325 
394570 

Mean,  39.4447»  ±  -0083 

Hence  Si  =  28.408. 

Essentially  the  same  method  was  adopted  by  Dumas.^ 
Pure  SiCl^  was  weighed  in  a  sealed  glass  bulb,  then  decom- 
posed by  water,  and  titrated.  The  results  for  100  Ag  are 
given  in  the  third  column  : 

2.899  grm.  810^=  7.3558  grm.  Ag.  39.411 

1242  "  3.154  **  39.379 

3.221  "  8.1875        "  39.340 

Mean,  39.377»  ±   014 

Hence  Si  =  28.117. 

*  Lehrbuch,  5  Aufl.,  3,  1200. 

t  Compt.  Rend.,  20,  1047.     1^45. 

t  Ann.  Chem.  Pharm.,  113,  31.     i860. 
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Dumas  and  Pelouze's  series  combine  as  follows : 

Pelouzc 39-4447.  ±  -ooSs 

Dumas 39-377»    ±.014 

General  mean 39.4265,  dr  .0071 

Hence  SiCl^  =  169.810,  ±  .034. 

Schiel,*  also  studying  the  chloride  of  silicon,  decomposed 
it  by  ammonia.  After  warming  and  long  standing  it  was 
filtered,  and  in  the  filtrate  the  chlorine  was  estimated  as 
AgCl.  One  hundred  parts  of  AgCl  correspond  to  the  quan- 
tities of  SiCl^  given  in  the  last  column: 

.6738  grm.  SiCl^  gave  2.277  gjn^'  AgCl.  29.592 

1.3092  "  4-418  "  29.633 

Mean,  29.6125,  =b  .0138 

Hence  SiCl,  =  169.437,  ±  .080,  and  Si  =  27.957. 
Combining  the  values  for  SiCl^  we  have  this  result  : 

Pelouze  and  Dumas SiCl^  =  169.810,  ±  .034 

Schiel "     =  169.437,  db  .080 

General  mean "     =  169.675,  dr  .031 

Hence  Si  =  28.195,  ±  .066;  or,  if  0  =  16,  Si  =  28.260. 

It  will  be  observed  that  all  of  these  determinations  rest 
upon  the  composition  of  SiCl^,  a  compound  for  which  it 
would  not  be  easy  to  guarantee  absolute  purity.  All  the 
errors  likely  to  occur  in  the  determination  of  the  atomic 
weight  would  be  plus  errors,  so  that  the  value  deduced 
above  is  almost  certainly  too  high. 

*  Ann.  Chem.  Pharm.,  120,  94. 
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LITHIUM. 

The  earlier  determinations  of  the  atomic  weight  of  lithium 
by  Arfvedson,  Stromeyer,  C.  G.  Gmelin,  and  Kralovanzky 
were  all  erroneous,  because  of  the  presence  of  sodium  com- 
pounds in  the  material  employed.  The  results  of  Berzelius, 
Hagen,  and  Hermann  were  also  incorrect,  and  need  no 
further  notice  here.  The  only  investigations  which  we  need 
to  consider  are  those  of  Mallet,  Diehl,  Troost,  and  Stas. 

Mallet's  experiments*  were  conducted  upon  lithium  chlo- 
ride, which  had  been  purified  as  completely  as  possible.  In 
two  trials  the  chloride  was  precipitated  by  nitrate  of  silver, 
which  was  collected  upon  a  filter  and  estimated  in  the  ordi- 
nary way.  The  figures  in  the  third  column  represent  the 
LiCl  proportional  to  100  parts  of  AgCl : 

7.1885  gnn.  LiG  gave  24.3086  grm.  AgCl.  29.606 

8.5947  "  29.0621  «  29574 

In  a  third  experiment  the  LiCl  was  titrated  with  a  standard 
solution  of  silver.  3.9942  grm.  LiCl  balanced  10.1702  grm. 
Ag,  equivalent  to  13.511  grm.  AgCl.  Hence  100  AgCl  = 
29.563  LiCl.  Mean  of  all  three  experiments,  29.581,  ±  .0087. 
Diehl,t  whose  paper  begins  with  a  good  resum6  of  all  the 
earlier  determinations,  describes  experiments  made  with 
lithium  carbonate.  This  salt,  which  was  spectroscopically 
pure,  was  dried  at  130°  before  weighing.  It  was  then 
placed  in  an  apparatus  from  which  the  carbon  dioxide  gen- 
erated by  the  action  of  pure  sulphuric  acid  upon  it  could 
be  expelled,  and  the  loss  of  weight  determined.  From  this 
loss  the  following  percentages  of  CO,  in  LijCO,  were  deter- 
mined: 

59.422 

59.404 

59.440 

59.401 


Mean,  59.417,  ±  .006 


*Silliman's  Amer.  Journal,  November,  1856.     Chem.  Gazette,  15,  7. 
f  Ann.  Chem.  Pharm.,  121,  93. 
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Diehl's  investigation  was  quickly  followed  by  a  confirma- 
tion from  Troost*  This  chemist,  in  an  earlier  paper,t  had 
sought  to  fix  the  atomic  weight  of  lithium  by  an  analysis 
of  the  sulphate,  and  had  found  a  value  not  far  from  6.5 ; 
thus  confirming  the  results  of  Berzelius  and  of  Hagen,  who 
had  employed  the  same  method.  But  Diehl  showed  that 
the  BaSO^  precipitated  from  ^3804  always  retained  traces 
of  Li,  which  were  recognizable  by  spectral  analysis,  and 
which  accounted  for  the  error.  In  the  later  paper  Troost 
made  use  of  the  chloride  and  the  carbonate  of  lithium,  both 
spectroscopically  pure.  The  carbonate  was  strongly  ignited 
with  pure  quartz  powder,  thus  losing  carbon  dioxide,  which 
loss  was  easily  estimated.  The  subjoined  results  were  ob- 
tained : 

.970  gnn.  LijCO,  lost    .577  grm.  CO,.  59-4^5  per  cent. 

1.782  •«  1.059         "  59427       " 


Mean,  59.456,  dc  .020 

This  combined  with  Diehl's  mean,  59.417,  ±  .006,  gives  a 
general  mean  of  59.420,  zt  .0057. 

The  lithium  chloride  employed  by  .Troost  was  heated  in 
a  stream  of  dry  hydrochloric  acid  gas ;  of  which  the  excess, 
after  cooling,  was  expelled  by  a  current  of  dry  air.  The 
salt  was  weighed  in  the  same  tube  in  which  the  foregoing 
operations  had  been  performed,  and  the  chlorine  was  then 
estimated  as  silver  chloride.  The  usual  ratio  between  LiCl 
and  100  parts  of  AgCl  is  given  in  the  third  column : 

1.309  gnn.  LiCl  gave  4.420  grm.  AgCI.  29.615 

2.750  ♦*  9.300  "  29570 


Mean,  29.5925,  ±  .0145 

This  combined  with  Mallet's  mean,  29.581,  ±  .0087,  gives 
a  general  mean  of  59.584,  ±  .0075. 

Finally,  we  come  to  the  work  of  Stas,J  which  was  exe- 

*  Zeit.  Anal.  Chem.,  i,  402. 

t  Annales  d.  Chim.  et  d.  Phys,,  51,  108. 

J  Aronstein's  Translation,  279-302. 
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cuted  with  his  usual  wonderful  accuracy.  In  three  titra- 
tions, in  which  all  the  weights  were  reduced  to  a  vacuum 
standard,  the  following  quantities  of  LiCl  balanced  100 
parts  of  pure  silver  : 

39.356 

39-357 
39.361 

Mean,  39.358,  d=  .001 


In  a  second  series  of  "experiments,  intended  for  determin- 
ing the  atomic  weight  of  nitrogen,  LiCl  was  converted  into 
LiNO,.  The  method  was  that  employed  for  a  similar  pur- 
pose with  the  chlorides  of  sodium  and  of  potassium.  One 
Hundred  parts  qf  LiCl  gave  of  LiNO,  : 

162.588 
162.600 
162.598 

Mean,  162.5953,  ±  .0025 

We  have  now  the  following  ratios  from  which  to  deduce 
the  atomic  weight  of  lithium : 

(l.)  AgQ  :  LiCl  : :  100  :  29.584,  dt  .0075 

(2.)  Ag  :  LiCl  : :  lOO  :  39.358,  ±  .001 

(3.)  LiCl  :  LiNO,  : :  100  :  162.5953,  ±  .0025 

(4.)  Per  cent,  of  CO,  in  Li^CO,,  59.420,  ±  .0057 

Hence  two  values  for  the  molecular  weight  of  LiCl : 

From  (i) — LiCl  =  42.3187,  d=  .0039 

From  (2)  _ "     =  42.3787,  ±  .0111 

General  mean "     =  42.3720,  ±  .0037 

For  lithium  itself  we  get  three  values : 

From  molecular  weight  of  LiCl— Li  =  7.002,    d=  .015 

From  ratio  (3) "  =  7.0287,  ±  .042 

From  ratio  X4) "  =  7.0085,  db  .008 

General  mean "  =  7.0073,  ±  .007 

If  0  =  16,  then  Li  =  7.0235.  Stas  himself  gives  7.022 
as  his  determination.    Difference,  .0015. 
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RUBIDIUM. 

The  atomic  weight  of  rubidium  has  been  determined  by 
Bunsen,  Piccard,  and  Grodeflfroy ;  but  only  from  analyses  of 
the  chloride. 

Bunsen,*  employing  ordinary  gravimetric  methods,  esti- 
mated the  ratio  between  AgCl  and  RbCl.  His  rubidium 
chloride  was  purified  by  fractional  crystallization  of  the 
chloroplatinate.  He  obtained  the  following  results,  to  which, 
in  a  third  column,  I  add  the  ratio  between  RbCl  and  100 
parts  of  AgCl :. 

One  gnn.  RbCl  gave  1.1873  grm.  AgCl.  84.225 

"  1. 1873  "  84.225 

"  1. 1850  "  84.388 

"  1. 1880  "  84.175 


Mean,  84.253,  ±  .031 

The  work  of  Piccardf  was  similar  to  thatW  Bunsen.  In 
weighing,  the  crucible  containing  the  silver  chloride  was 
balanced  by  a  precisely  similar  crucible,  in  order  to  avoid 
the  correction  for  displacement  of  air.  The  filter  was 
burned  separately  from  the  AgCl,  as  usual ;  but  the  small 
amount  of  material  adhering  to  the  ash  was  reckoned  as 
metallic  silver.  The  rubidium  chloride  was  purified  by 
Bunsen's  method.  The  results,  expressed  according  to  the 
foregoing  standard,  are  as  follows  : 

1. 1587  grm.  RbCl  =  1.372  AgCl  +  .0019  Ag.  84.300 

1.4055  *•  1.6632     «        .0030  "  84.303 

i.ooi  •*  1. 1850     "        .0024  "  84.245 

1.5141  "  1-7934     "        .0018  "  84.313 


Mean,  84.290,  ±  .0105 

GrodefFroy,!  starting  with  material  containing  both  ru- 
bidium and  cflBsium,  separated  the  two  metals  by  fractional 

*Zeit.  Anal.  Chem.,  i,  136.     Poggend.  Annal.,  113,  339.     1861. 
t  Joum.  filr  Prakt.  Chem.,  86,  454.    1862.     Zeit.  Anal.  Chem.,  i,  518. 
X  Ann.  Chem.  Pharm.,  i8i,  185.     1876. 


Digitized  by  VjOOQ IC 


CiESIUM.  91 

crystallization  of  their  alums,  and  obtained  salts  of  each 
spectroscopically  pure.  The  nitric  acid  employed  was  tested 
for  chlorine  and  found  to  be  free  from  that  impurity,  and 
the  weights  used  were  especially  verified.  In  two  of  his 
analyses  of  RbCl  the  AgCl  was  handled  by  the  ordinary 
process  of  filtration.  In  the  other  two  it  was  washed  by 
decantation,  dried,  and  weighed  in  a  glass  dish.  The  usual 
ratio  is  appended  in  the  third  column  : 

1.4055  grm.  RbCl  gave  1.6665  g""-  AgCl.  84.338 

1.8096  "  2.1461  "  84.320 

2.2473  "  2.665  "  84.326 

2.273  "  2.6946  "  84.354 

Mean,  84.3345,  ±  .0051 

Combining  the  three  series,  we  get  the  following  result : 

Bunsen 84.253,    ±.031  Rb  =  85.150 

Piccard 84.290,    ±z  .010$         "   =85.203 

Godeffroy 84.3345,  ±  .0051  "   =85.263 

General  mean 84.324,    db  .0045 

Hence  Kb  =  85.251,  it  .018.    If  0  =  16,  Rb  =  85.529. 


CESIUM. 

The  atomic  weight  of  csesium,  like  that  of  rubidium,  has 
been  determined  from  the  analysis  of  the  chloride.  The 
earliest  determination,  by  Bunsen,*  was  incorrect,  because 
of  impurity  in  the  material  employed. 

In  1863  Johnson  and  Allen  published  their  results.f 
Their  material  was  extracted  from  the  lepidolite  of  Hebron, 
Maine,  and  the  caesium  was  separated  from  the  rubidium  as 
bitartrate.  From  the  pure  csesium  bitartrate  csesium  chlo- 
ride was  prepared,  and  in  this  the  chlorine  was  estimated  as 

*Zeit.  Anal.  Chem.,  i,  137. 

f  Amer.  Journ.  Sci.  and  Arts,  (2,)  35,  94. 
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silver  chloride  by  the  usual  gravimetric  method.  Reducing 
their  results  to  the  convenient  standard  adopted  in  preced- 
ing chapters,  we  have,  in  a  third  column,  the  quantities  of 
CsCl  equivalent  to  100  parts  of  AgCl : 


1. 837 1  grm.  CsCl  gave  1.5634  gnn.  AgCl. 

117.507 

2.129s      "      1.8111    " 

117.580 

2.7018      «      2.2992    " 

117.511 

1. 56165     "      1.3302 

"7399 

Mean,  117.499,  db  .025 

Shortly  after  the  results  of  Johnson  and  Allen  appeared 
a  new  series  of  estimations  was  published  by  Bunsen.*  His 
caesium  chloride  was  purified  by  repeated  crystallizations  of 
the  chloroplatinate,  and  the  ordinary  gravimetric  process 
was  employed.  The  following  results  represent,  respectively, 
material  thrice,  four  times,  and  five  times  purified : 

1.3835  gnn.  CsCl  gave  1.1781  grm.  AgQ.     Ratio,  117.435 
1.3682  **  1. 1644         "  117-503 

1.2478  "  1.0623  "  117.462 


Mean,  117.467,  dz  .013 

G6deffroy's  workf  was,  in  its  details  of  manipulation,  suf- 
ficiently described  under  rubidium.  In  three  of  the  experi- 
ments upon  csesium  the  silver  chloride  was  washed  by 
decantation,  and  in  one  it  was  collected  upon  a  filter.  The 
results  are  subjoined : 

1.5825  gnn.  CsCl  gave  1. 35 1    grm.  AgCl.  Ratio,  117. 135 

1.3487'            "              1.1501          **  117.265 

1. 1880             "              1.0141          "  117. 148 

1.2309             "              1.051            «*  1 17. 107 


Mean,  1 17. 164,  rh  .023 

We  may  now  combine  the  three  series  to  form  a  general 
mean: 


♦Poggend.  Annal.,  119,  I.     1863. 

t  Ann.  Chem.  Phann.,  181,  185.     1876. 
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Johnson  and  Allen 117.499,  ±  .025        Cs  =  132.706 

Bnnsen 117.467,^.013         "  =132.661 

Godeflfroy 117.164,  zh  .023         *•  =132.227 

General  mean 1 17.413,  ±  .010 

Hence  Cs  =  132.583,  ±  .024 ;  or,  if  0  =  16,  Cs  =  132.918. 


THALLIUM. 


The  atomic  weight  of  this  interesting  metal  has  been 
fixed  by  the  researches  of  Lamy,  Werther,  Hebberling,  and 
Crookes.  Lamy  and  Hebberling  investigated  the  chloride 
and  sulphate ;  Werther  studied  the  iodide ;  Crooke's  experi- 
ments involved  the  synthesis  of  the  nitrate.  The  last  men- 
tioned work  was  so  thorough  and  admirable  that  the  other 
researches  are  included  here  only  for  the  sake  of  historical 
completeness. 

Lamy*  gives  the  results  of  one  analysis  of  thallium 
sulphate  and  three  of  thallium  chloride.  3.423  grammes 
TI2SO4  gave  1.578  grm.  BaS04 ;  whence  100  parts  of  the 
latter  are  equivalent  to  216.920  of  the  former.  In  the  thal- 
lium chloride  the  chlorine  was  estimated  as  silver  chloride. 
The  following  results  were  obtained.  In  the  third  column  I 
give  the  amount  of  TlCl  proportional  to  100  parts  of  AgCl : 

3.912  grm.  TlCl  gave  2.346    grm.  AgCl.  166.752 

3.000  "  1.8015  "  166.528 

3.912  "  2.336  "  167.466 


Mean,  166.915,  ±  .1905 

Hebberling'sf  work  resembles  that  of  Lamy.  Reducing 
his  weighings  to  the  standards  adopted  above,  we  have  from 
his  sulphate  series,  as  equivalent  to  100  parts  of  BaS04,  ^^^ 
amounts  of  TI2SO4  given  in  the  third  column  : 


*  Zeit.  Anal.  Chem.  ,2,211.     1 863. 
t  Ann.  Chem.  Pharm.,  134,  11.     1865. 
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1.4195  grm.  TljSO^  gave  .6534  grm.  BaSO^.  217.248 

1. 1924  "  .5507  "  216.524 

.8560  "  .3957  "  216.32s 


Mean,  216.699 

Including  Lamy's  single  result,  as  of  equal  weight,  we  get 
a  mean  of  216.754.  ±  .1387. 

From  the  chloride  series  we  have  these  results,  with  the 
ratio  stated  as  usual : 

.2984  grm.  TlCl  gave  .1791  grm.  AgCl.  166.611 

.5452  «  .3278         "  166.321 

Mean,  166.465,  ±  .097 

Lamy's  mean  was  166.915,  ±  .1905.  Both  means  com- 
bined give  a  general  mean  of  166.555,  zb  .0865. 

Werther's*  determinations  of  iodine  in  thallium  iodide 
were  made  by  two  methods.  In  the  first  series  Til  was  de- 
composed by  zinc  and  potassium  hydroxide,  and  in  the 
filtrate  the  iodine  was  estimated  as  Agl.  One  hundred 
parts  of  Agl  correspond  to  the  amounts  of  Til  given  in  the 
last  column : 

.720  grm.  Til  gave     .51  grm.  Agl.  141. 176 


2.072 

f( 

1.472 

f( 

140.761 

.960 

" 

.679 

« 

141.384 

■38s 

« 

.273 

(i 

141.026 

1.068 

*( 

.759 

ti 

I40.7II 

Mean,  141. 01 2,  dr  .085 

In  the  second  series  the  thallium  iodide  was  decomposed 
by  ammonia  in  presence  of  silver  nitrate,  and  the  resulting 
Agl  was  weighed.  Expressed  according  to  the  foregoing 
standard  the  results  are  as  follows : 

1.375  gnn.  Til  gave     .978  grm.  Agl.      Ratio,  140.593 
1.540  "  1,095  "  140.639 

1.380  "  .981  •*  140.673 


Mean,  140.635,  db  .016 

General  mean  of  both  series,  140.648,  ±  .016. 

*  Joum.  fllr  Prakt.  Chem.,  9i,  128.     1864. 
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Frnm  the  foregoing  results  three  values  for  the  atomic 
weight  of  thallium  are  calculable : 

From  the  sulphate Tl  =  204.169,  d=  .166 

From  the  chloride "  =  203.879,  d=  .126 

From  the  iodide "  =  203.886,  ±  .054 

In  1873  Crookes,*  the  discoverer  of  thallium,  published 
his  final  determination  of  its  atomic  weight.  His  method 
was  to  eflFect  the  synthesis  of  thallium  nitrate  from  weighed 
quantities  from  absolutely  pure  thallium.  No  precaution 
necessary  to  ensure  purity  of  materials  was  neglected ;  the 
balances  were  constructed  especially  for  the  research ;  the 
weights  were  accurately  tested  and  all  their  errors  ascer- 
tained ;  weighings  were  made  partly  in  air  and  partly  in 
vacuo,  but  all  were  reduced  to  absolute  standards ;  and  un- 
usually large  quantities  of  thallium  were  employed  in  each 
experiment.  In  short,  no  eflfort  was  spared  to  attain  as 
nearly  as  possible  absolute  precision  of  results.  The  details 
of  the  investigation  are  too  voluminous,  however,  to  be  cited 
here ;  the  reader  who  wishes  to  become  familiar  with  them 
must  consult  the  original  memoir.  Suffice  it  to  say  that  the 
research  is  a  model  which  other  chemists  will  do  well  to 
copy. 

The  results  of  ten  experiments  by  Professor  Crookes  may 
be  stated  as  follows.  In  a  final  column  we  may  state  the 
quantity  of  nitrate  producible  from  100  parts  of  thallium. 
The  weights  given  are  in  grains : 


Thallium. 

TlNOj,  +  Glass, 

Glass  Vessel, 

Ratio, 

497.972995 

1121. 851852 

472.557319 

"30.3875 

293.  "93507 

I II  1. 387014 

729.082713 

130.3930  ■ 

288.562777 

971.214142 

594.949719 

130.3926 

324.963740 

1 142.569408 

718.849078 

130.3900 

183.790232 

100J.779897 

766.133831 

130.3912 

190.842532 

997.334615 

748.491271 

130.3920 

195.544324 

1022. 1 76679 

767.203451 

130.3915 

201.816345 

1013.480135 

750.332401 

130.3897 

295.683523 

1153.947672 

768.403621 

130.3908 

299.203036 

1 159.870052 

769.734201 

130.3917 

Mean, 

»  130.3910,  =h  .00034 

*  Philosophical  Transactions,  1873,  p.  277. 
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Hence,  using  the  atomic  weights  and  probable  errors 
previously  found  for  N  and  O,  Tl  =  203.715,  ±  .0365.  If 
0  =  16,  Tl  =  204.183. 

Crookes  himself,  using  61.889  as  the  molecular  weight  of 
the  group  NOj,  gets  the  value  Tl  =  203.642;  the  lowest 
value  in  the  series  being  203.628,  and  the  highest  203.666; 
an  extreme  variation  of  0.038.  This  is  extraordinary  ac- 
curacy for  so  high  an  atomic  weight,  at  least  as  far  as 
Crookes'  work  is  concerned.  But  its  value  depends  in  reality 
upon  the  accuracy  of  other  chemists  in  fixing  the  atomic 
weights  of  N  and  O ;  a  slight  variation  in  either  of  the 
latter  constants  producing  a  large  variation  here.  What 
Crookes  really  has  done  has  been  to  fix  with  almost  abso- 
lute certainty  the  ratio  between  Tl  and  NO,.  If  the  latter 
group  should  have  the  molecular  weight  62,  in  accordance 
with  Front's  hypothesis,  then  Tl  =  204.008.  In  other 
words,  the  ratio  thus  fixed  by  Crookes  is  almost  exactly 
represented  by  two  whole  numbers,  and  supports  Front's 
hypothesis  in  a  very  decided  way.  Crookes  himself  seems 
to  have  overlooked  this  fact,  for  he  regards  his  results  as 
militating  against  the  hypothesis  in  question. 


GLUCINUM. 


The  atomic  weight  of  glucinum  is  at  present  much  in 
doubt;  our  knowledge  of  it  depending  upon  the  unsettled 
question  whether  the  oxide  is  GIO  or  GljO,.  The  formula 
GIO  agrees  with  Mendelejeff's  law,  and  is  advocated  by 
Reynolds,*  Lothar  Meyer,t  and  Brauner.J  The  symbol 
GI2O3,  on  the  other  hand,  is  favored  by  Nilson  and  Fetters- 
son,||  and  by  Humpidge.§    Humpidge,  Meyer,  and  Brauner 

♦  PhU.  Mag.,  (5,)  3,  38.     1877.     Chem.  News,  42,  273.     1880. 

f  Ber.  der  Deatsch.  Chem.  Gesell.,  13,  1780.     1880.     Also,  11.  576.     1879. 

t  Phil.  Mag.,  (5,)  II.     Jan.,  1881. 

II  Berichte.  11,  381  and  906.     1879.     Also,  13.  2035.     >88o. 

J  Chem.  News,  42,  261.     1880. 
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oflTer  only  theoretical  discussions  of  the  subject ;  Reynolds 
and  Nilson^and  Pettersson  have  determined  the  specific 
heat  of  the  metal,  but  give  opposed  results.  In  the  follow- 
ing calculations  the  simpler  formula  will  be  assumed,  not  as 
a  finality,  but  because  of  its  accordance  with  the  system  of 
Mendelejeff. 

The  data  fix>m  which  we  are  to  calculate  the  atomic 
weight  of  glucinum  have  been  determined  by  Awdejew, 
Weeren,  Klatzo,  Debray,  and  Nilson  and  Pettersson.  Ber- 
zelius'*  single  experiment  on  the  sulphate  may  be  left  out 
of  account. 

Awdejew,t  whose  determination  was  the  earliest  of  any 
value,  analyzed  the  sulphate.  The  sulphuric  acid  was 
thrown  down  as  barium  sulphate ;  and  in  the  filtrate,  from 
which  the  excess  of  barium  had  been  first  removed,  the 
glucina  was  precipitated  by  ammonia.  The  figures  which 
Awdejew  publishes  represent  the  ratio  between  SO  a  and 
GIO,  but  not  absolute  weights.  As,  however,  his  calcula- 
tions were  made  with  SOj  =  501.165,  and  Ba  probably  = 
855.29,  we  may  add  a  third  column  showing  how  much 
BaS04  is  proportional  to  100  parts  of  GIO : 


SOy 

G/0. 

liatio. 

4457 

1406 

921.242 

4531 

1420 

927.304 

7816 

2480 

915.903 

12880 

4065 

920.814 

Mean,  921.316,  ±  1.577 

The  same  method  was  followed  by  Weeren  and  by  Klatzo, 
except  that  Weeren  used  ammonium  sulphide  instead  of 
ammonia  for  the  precipitation  of  the  glucina.  WeerenJ 
gives  the  following  weights  of  GIO  and  BaS04.  The  ratio 
is  given  in  a  third  column,  just  as  with  the  figures  by 
Awdejew : 


♦  Poggend.  Annal.,  8,  i. 

t  "  56,  106.     1842. 

I  "  92,124.     1854. 
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GIO,  BaSO^,  Ratio, 

.3163  grm.  2.9332  grm.  927.031 

.2872    "  2.6377    "  918.419 

.2954   «  2.7342    "  925.592 

.5284    "  4.8823    "  902.946 

Mean,  918.497,  ±  3.624 

Klafzo's*  figures  are  as  follows,  with  the  third  column 
added  by  the  writer : 

GIO.  BaSO^,  Ratio, 

.2339  grm.  2.1520  grm.  920.052 

.1910    "  1-7556    "  919.162 

.2673    "  2.4872    "  930-490 

.3585    "  3.3"5    "  923.710 

.2800   "  2.5842    "  922.989 

Mean,  923.281,  ±  1.346 

Combining  these  series  into  a  general  mean,  we  get  the 
subjoined  result : 

Awdejew 921.316,  i  1.577 

Weeren 918.497,  db  3.624 

Klatzo 923.281,  ±  1.346 

General  mean 922.164,^=0.985 

Hence  GIO  =  25.224,  d=  .269. 

Debrayt  analyzed  a  double  oxalate  of  glucinum  and  am- 
monium, Gl(NH^)  jC^Og.  In  this  the  glucina  was  estimated 
by  calcination,  after  first  converting  the  salt  into  nitrate. 
The  following  percentages  were  found : 

11.5 
II. 2 
11.6 


Mean,  ii.433»  ±  '081 

The  carbon  was  estimated  by  an  organic  combustion.  I 
give  the  weights,  and  put  in  a  third  column  the  percentages 
of  CO,  thus  obtained: 

*  Zeitschrift  fUr  Anal.  Chem.,  8,  523.     1869. 
t  Ann.  de  Chim.  et  de  Phys.,  (3,)  44,  37.     1855. 
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Salt,  CO^, 

.600  grm.  .477  grm.  79-5«> 

.603    "  .478    "  79.270 

.600    "  .477    "  79500 


Mean,  79.423,  ±  .052 

Calculating  the  ratio  between  CO  2  and  GIO,  we  have  for 
the  molecular  weight  of  the  latter,  GIO  =  25.220,  ±  .180. 
The  agreement  between  this  result  and  the  one  previously 
deduced  from  the  sulphate  is  certainly  very  striking. 

Last  of  all  and  best  of  all  we  come  to  the  determinations 
recently  published  by  Nilson  and  Pettersson.*  These  chem- 
ists sought  to  use  the  sublimed  chloride  of  glucinum,  but 
found  it  to  contain  traces  of  lime  derived  from  a  glass  tube. 
They  finally  resorted  to  the  sulphate  as  the  most  available 
salt  for  their  purposes.  This,  which  they  write  012(804)3 
I2H2O,  and  which  we  formulate  as  GISO4.4H2O,  yields  pure 
glucina  upon  strong  ignition.  The  subjoined  percentages 
of  glucina  were  thus  obtained : 

14.171 
14.169 
14.160 
14.176 


Mean,  14.169,  db  .0023 

Hence  GIO  =  25.048,  and  01  =  9.085,  ±  .0055.  If  O  = 
16,  Gl  =  9.106.    If  SO3  =  80,  then  01  =  9.096. 

If  the  oxide  is  GI2O3,  then  the  value  01  =  9.085,  dz  .0055 
becomes  01  =  13.628,  it  .0082. 

It  would  be  easy  enough  to  combine  this  value  for  01 
with  those  derived  from  the  experiments  of  the  investi- 
gators previously  cited,  but  it  is  hardly  worth  while.  All 
the  other  estimations  have  such  high  probable  errors  that 
they  would  practically  vanish  from  the  general  mean. 
Their  influence  would  hardly  extend  to  the  third  decimal 
place,  and  they  may  therefore  be  neglected. 

*  Compt.  Rend.,  91,  i68.     1880. 
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MAaNESIUM. 

There  is  perhaps  no  common  metal  of  which  the  atomic 
weight  has  been  subjected  to  closer  scrutiny  than  that  of 
magnesium.  The  value  is  low,  and  its  determination  should, 
therefore,  be  relatively  free  from  many  of  the  ordinary 
sources  of  error ;  it  is  extensively  applied  in  chemical  anal- 
ysis, and  ought  consequently  to  be  accurately  ascertained. 
Strange  discrepancies,  however,  exist  between  the  results 
obtained  by  different  investigators;  so  that  the  generally 
accepted  figure  cannot  be  regarded  as  absolutely  free  from 
doubt. 

The  determinations  of  Berzelius*  and  other  early  chemists 
need  not  be  here  considered.  Nor  does  the  estimation  made 
by  Macdonnellf  deserve  more  than  a  passing  mention.  He 
puts  the  atomic  weight  of  magnesium  at  23.9,  but  gives  no 
details  concerning  his  method  of  determination.  The  re- 
searches which  we  have  to  consider  are  those  of  Scheerer, 
Svanberg  and  Nordenfeldt,  Jacquelam,  Bahr,  Marchand  and 
Scheerer,  and  Dumas. 

Scheerer's  method  of  investigation  was  exceedingly  sim- 
ple.J  He  merely  estimated  the  sulphuric  acid  in  anhydrous 
magnesium  sulphate,  employing  the  usual  process  of  pre- 
cipitation as  barium  sulphate.  He  gives  no  weighings,  but 
reports  the  percentages  of  SO,  thus  found.  In  his  calcula- 
tions, O  =  100,  SO  8  =  500.75,  and  BaO  =  955.29.  It  is 
easy,  therefore,  to  recalculate  the  figures  which  he  gives,  so 
as  to  establish  what  his  method  really  represents,  viz.,  the 
ratio  between  the  sulphates  of  barium  and  magnesium. 

Thus  revised,  his  four  analyses  show  that  100  parts  of 
MgSO^  yield  the  following  quantities  of  BaS04  • 


♦Lehrbuch,  5  Aufl.,  Bd.  3,  s.  1227. 

f  British  Association  Report,  1852,  part  2,  p.  36. 

t  Poggend.  Annal.,  69,  535.     1846. 
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Per  cent.  SO^, 
193-575  66.573 

'93-^7  66.608 

193.767  66.639 

193-631  66.592 

Mean,  193.6625,  d=  .0274 

Hence,  using  the  atomic  weights  deduced  in  previous 
chapters  for  Ba,  S,  and  O,  Mg  =  24.544,  =b  .0311.  In  a  sub- 
sequent note*  Scheerer  shows  that  the  barium  sulphate  of 
the  foregoing  experiments  carried  down  with  it  magnesium 
salts  in  such  quantity  as  to  make  the  atomic  weight  of  mag- 
nesium 0.39  too  low.    Corrected,  Mg  becomes  =  24.545. 

The  work  of  Bahr,  of  Jacquelain,  and  in  part  that  of 
Svanberg  and  Nordenfeldt,  also  relates  to  the  composition 
of  magnesium  sulphate.  Jacquelain's  experiments  were  as 
follows.t  Dry  magnesium  sulphate  was  prepared  by  mix- 
ing the  ordinary  hydrous  salt  to  a  paste  with  sulphuric  acid, 
and  calcining  the  mass  in  a  platinum  crucible  over  a  spirit 
lamp  to  constant  weight  and  complete  neutrality  of  reaction. 
This  dry  sulphate  was  weighed  and  intensely  ignited  three 
successive  times.  The  weight  of  the  residual  MgO  having 
been  determined,  it  was  moistened  with  sulphuric  acid  and 
recalcined  over  a  spirit  lamp,  thus  reproducing  the  original 
weight  of  MgSO^:  Jacquelain^s  weighings  for  these  two 
experiments  show  that  100  parts  of  MgO  correspond  to  the 
quantities  of  MgSO^  given  in  the  last  column : 

1.466  gpn.  MgSO^  gave    .492  gnn.  MgO.  297.968 

.492    "      MgO       "      1.466    ««      MgSO^.  297.968 

Jacquelain  also  made  one  estimation  of  sulphuric  acid  in 
the  foregoing  sulphate  as  BaSO^.  His  result,  (1.464  grm. 
MgSO^  =  2.838  grm.  BaSOJ  reduced  to  the  standard 
adopted  in  dealing  with  Scheerer's  experiments,  give  for  100 
parte  of  MgSO^,  193.852  BaSO^.  If  this  figure  be  given 
equal  weight  with  a  single  experiment  in  Scheerer's  series, 

*  Poggend.  Anna!.,  70,  407. 

t  Ann.  d.  Chim.  et  Phys.,  3  serie,  32,  202. 
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and  combined  with  the  latter,  the  mean  will  be  193.700,  ± 
.0331.  From  this  the  atomic  weight  of  magnesium  becomes 
24.244,  db  .033.  This  again,  corrected  according  to  Scheerer 
for  the  magnesium  salts  carried  down  by  the  barium  sul- 
phate, becomes  0.39  higher,  or  Mg  =  24.283.  Of  course 
this  correction,  determined  by  Scheerer  for  a  single  experi- 
ment, can  only  be  a  rough  approximation  in  a  mean  like 
the  foregoing.  It  is  better  than  no  correction  at  all,  the 
character  of  the  error  involved  being  known. 

Bahr's*  work  resembles  in  part  that  of  Jacquelain.  This 
chemist  converted  pure  magnesium  oxide  into  sulphate,  and 
from  the  increase  in  weight  determined  the  composition  of 
the  latter  salt.  From  his  weighings  100  parts  of  MgO  equal 
the  amounts  of  MgSO^  given  in  the  third  column : 

1.6938  grm.  MgO  gave  5.0157  grm.  MgSO^.       296.122 
2.0459  "  6.0648  "  296.437 

1.0784  "  3-1925  "  296.040 


Mean,  296.200,  d=  .0815 

About  four  years  previous  to  the  investigations  of  Bahr 
the  paper  of  Svanberg  and  Nordenfeldtf  appeared.  These 
chemists  started  with  the  oxalate  of  magnesiimi,  which  was 
dried  at  a  temperature  of  from  100°  to  105°  until  it  no 
longer  lost  weight.  The  salt  then  contained  two  molecules 
of  water,  and  upon  strong  ignition  it  left  a  residue  of  MgO. 
The  percentage  of  MgO  in  the  oxalate  comes  out  as  follows : 

7.2634  grm.  oxalate  gave  1.9872  grm.  oxide.  27.359  per  cent. 

6.3795  "  1.7464         "  27.375    .   " 

6.3653  "  1. 7418         "  27.364       " 

6.2216  "  1.7027         "  27.368       " 


Mean,  27.3665,  ±  .0023 

In  three  of  these  experiments  the  MgO  was  treated  with 
H2SO4,  and  converted,  as  by  Jacquelain  and  by  Bahr  in 
their  later  researches,  into  MgSO^.  One  hundred  parts  of 
MgO  gave  of  MgS04  as  follows : 


*  Joum.  fUr  Prakt.  Chem.,  56,  310.     1852. 
t  Joum.  fUr  Prakt.  Chem.,  45,  473.     1848. 
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1.9872  gnn.  MgO  gave  5.8995  gnn.  MgSO^.  296.875 

1.7464  "  5.1783  "  296.513 

1.7418  "  5.1666  "  296.624 


Mean,  296.671,  =b  .072 

We  have  now  for  this  ratio  between  MgO  and  MgSO^ 
three  series;  not  at  all  concordant.  We  may  combine  them, 
assigning  to  each  of  Jacquelain's  two  results  a  weight  cor- 
responding to  one  of  Bahr's : 

Jacquelain 297.968,  db  .0999 

Bahr 296.200,  dz  .0815 

Svanberg  and  Nordenfeldt 296.671,  i  .072 


General  mean 296.806,  rfc  .0475 

In  1850  the  elaborate  investigations  of  Marchand  and 
Scheerer*  appeared.  These  chemists  undertook  to  deter- 
mine the  composition  of  some  natural  magnesites,  and,  by 
applying  corrections  for  impurities,  to  deduce  from  their 
results  the  sought  for  atomic  weight.  The  magnesite  chosen 
for  the  investigation  was,  first,  a  yellow,  transparent  variety 
from  Snarum;  second,  a  white  opaque  mineral  from  the 
same  locality ;  and,  third,  a  very  pure  quality  from  Frank- 
enstein. In  each  case  the  impurities  were  carefully  deter- 
mined ;  but  only  a  part  of  the  details  need  be  cited  here. 
Silica  was  of  course  easily  corrected  for  by  simple  subtrac- 
tion from  the  sum  of  all  of  the  constituents ;  but  iron  and 
calcium,  when  foimd,  having  been  present  in  the  mineral  as 
carbonates,  required  the  assignment  to  them  of  a  portion  of 
the  carbonic  acid.  In  the  atomic  weight  determinations 
the  mineral  was  first  dried  at  300°.  The  loss  in  weight 
upon  ignition  was  then  carbon  dioxide.  It  was  found,  how- 
ever, that  even  here  a  correction  was  necessary.  Magnesite, 
upon  drying  at  300°,  loses  a  trace  of  CO,,  and  still  retains  a 
Httle  water ;  on  the  other  hand,  a  minute  quantity  of  CO, 
remains  even  after  ignition.  The  CO,  expelled  at  300° 
amounted  in  one  experiment  to  .054  per  cent. ;  that  retained 
after  calcination  to  .055  per  cent.    Both  errors  tend  in  the 

♦  Joum.  fUr  Prakt  Chem.,  50,  385. 
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same  direction,  and  increase  the  apparent  percentage  of 
MgO  in  the  magnesite.  On  the  yellow  mineral  from  Snarum 
the  crude  results  are  as  follows,  giving  percentages  of  MgO, 
FeO,  and  COj  after  eliminating  silica : 


C<9,. 

MgO. 

FeO. 

51.8958 

47.3278 

.7764 

51.8798 

47.3393 

.7809 

51.8734 

47.3154 

.8112 

51.8875 

47.3372 

■7753 

Mean,  47-3299  =*=  •«>37 

After  applying  corrections  for  loss  and  retention  of  CO,, 
as  previously  indicated,  the  mean  results  of  the  foregoing 
series  become — 

CO^.  MgO.  FeO. 

51.9931  47.2743  .7860 

The  ratio  between  the  MgO  and  the  COj,  after  correcting 
for  the  iron,  will  be  considered  further  on. 

Of  the  white  magnesite  from  Snarum  but  a  single  anal- 
ysis was  made,  which,  for  present  purposes  may  be  ignored. 
Concerning  the  Frankenstein  mineral  three  series  of  anal- 
yses were  executed.  In  the  first  series  the  following  results 
were  obtained : 

8.996  gnn.  CO,  =  8.2245  gnn.  MgO.  47760  per  cent.  MgO. 

7.960  "  7.2775  "  47.761 

9.3265  "  8.529  "  47.767 

7.553  «*  6.9095  "  47.775 

Mean,  47.766,  db  .0022 

This  mean,  corrected  for  loss  of  CO,  in  drying,  becomes 
47.681.    I  give  series  second  with  corrections  applied  : 

6.8195  grm.  MgCOj  gave  3.2500  grm.  MgO. 

11.3061  *'                 5.3849 

9.7375  "                 4.635 

12.3887  "                 5.9033 

32.4148  "  15.453 

38.8912  "  18.5366 

26.5223  **  12.6445           " 

Mean,  47.650,  zh  .0069 


47.658  per  cent. 

47.628 

<« 

47.599 

« 

47.650 

« 

47.674 

«* 

47.663 

M 

47.675 

** 
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The  third  series  was  made  upon  very  pure  material,  so 
that  the  corrections,  although  applied,  were  less  influential. 
The  results  were  as  follows : 

4.2913  gnn.  MgCO,  gave  2.0436  grm.  MgO.  47.622  per  cent. 

27.8286  "  13.2539  "  47.627       '* 

14.6192  •*  6.9692  "  47.672       " 

18.3085  "  8.7237  "  47.648 


Mean,  47.642,  zt  .0077 

In  a  supplementary  paper*  by  Scheerer,  it  was  shown 
that  an  important  correction  to  the  foregoing  data  had  been 
overlooked.  Scheerer,  re-examining  the  magnesites  in  ques- 
tion, discovered  in  them  traces  of  lime,  which  had  escaped 
notice  in  the  original  analyses.  With  this  correction  thje 
two  magnesites  in  question  exhibit  the  following  mean 
composition : 


CO, 

MgO 

CaO 

FeO 


Snarum, 

52.131 

46.663 

.430 

.776 

Frankenstein, 

52.338 

47.437 
.225 

100.000 

100.000 

Correcting  for  lime  and  iron,  by  assigning  each  its  share 
of  CO2,  the  Snarum  magnesite  gives  as  the  true  percentage 
of  magnesia  in  pure  magnesium  carbonate,  the  figure  47.624. 
To  this,  without  serious  mistake,  we  may  assign  the  weight 
indicated  by  the  probable  error,  ±l  .0037 ;  the  quantity  pre- 
viously deduced  from  the  percentages  of  MgO  given  in  the 
uncorrected  analyses. 

From  the  Frankenstein  mineral,  similarly  corrected,  the 
final  mean  percentage  of  MgO  in  MgCOg  becomes  47.628. 
This,  however,  represents  three  series  of  analyses,  whose 
combined  probable  errors  may  be  properly  assigned  to  it. 
The  combination  is  as  follows : 

*  Ann.  d.  Chem.  und  Pharm.,  no,  240. 
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±  .0022 

±  .0069 
=fc  .0077 


Result,  d=  .oo20y  probable  error  of  the  genenl  mean. 

We  may  now  combine  the  results  obtained  fix)m  both 
magnesites : 

Snanim  mineral Per  cent.  MgO,  47.624,  ±  .0037 

Frankenstein  mineral  ._  "  47.628,  d=  .0020 


General  mean.—  «*  47.627,  db  .0018 

The  last  investigation  upon  the  atomic  weight  of  magne- 
sium which  we  have  to  consider  is  that  of  Dumas.*  Pure 
magnesium  chloride  was  placed  in  a  boat  of  platinum,  and 
ignited  in  a  stream  of  dry  hydrochloric  acid  gas.  The 
excess  of  the  latter  having  been  expelled  by  a  current  of  dry 
carbon  dioxide,  the  platinum  boat,  still  warm,  was  placed 
in  a  closed  vessel  and  weighed  therein.  After  weighing,  the 
chloride  was  dissolved  and  titrated  in  the  usual  manner 
with  a  solution  containing  a  known  quantity  of  pure  silver. 
The  weighings  which  Dumas  reports  give,  as  proportional  to 
100  parts  of  silver,  the  quantities  of  MgCl,  stated  in  the 
third  column : 

2.203  grm.  MgClj  =  4.964  grm.  Ag.  44-38o 

2.5215  "  5.678  "  44.408 

2.363  "  5.325  "  44.376 

3.994  "  9.012  «  44.319 

2.578  "  S.834  "  44.189 

2.872  "  6.502  "  44.171 

2.080  «  4.710  "  44.161 

2.214  "  5.002  "  44.262 

2.086  "  4.722  "  44.176 

1.688  "  3.823  "  44.154 

1.342  "  3.03'  "  44.276 


Mean,  44.261,  =b  .020 

There  are  now  before  us  the  following  ratios,  from  which 
to  deduce  the  sought-for  atomic  weight  : 

♦Ann.  Chem.  Pharm.,  113,  33.     i860. 
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(I.)  MgSO^  :  BaSO^  : :  lOO  :  193. 700,  dz  .0331 

(2.)  MgO  :  MgSO^  : ;  100  :  296.806,  ±:  .0475 

(3.)  Per  cent,  of  MgO  in  oxalate,  27.3665,  db  .0023 

(4.)  Per  cent:  of  MgO  in  carbonate,  47.627,  zh  .0018 

(5.)  Ag  :  MgCl,  : :  100  :  44.261,  d=  .020 

From  these  we  find  three  values  for  the  molecular  weight 
of  MgO: 

From  (2) MgO  =  40.587,  zt  .0126 

From  (3) «*      =  40.603,  ±:  .0069 

From  (4) "     =  39.922,  d=  .0030 

General  mean "     =40.054,^.0027 

We  have  also  three  values  for  the  atomic  weight  of  mag- 
nesium : 

From  molecular  weight  of  MgO-- Mg  =  24.091,  ±  .0044 

From  ratio  (f,)  corrected "    =  24.283,  db  .033 

From  ratio  (5,)  Dumas "    =  24.576,  ±  .032 

General  mean "    =  24.103,  rfc  .0043 

Or,  if  0  =  16,  Mg  becomes  =  24.159. 

In  this  general  mean  all  the  determinations  are  included, 
good  or  bad.  Dumas'  result  is  unquestionably  wrong ;  the 
error,  probably,  being  due  to  the  presence  of  oxychloride  in 
the  MgClj  which  was  used.  It  is  doubtful  whether  any 
precautions  could  have  eliminated  that  error.  If  we  take 
only  Marchand  and  Scheerer's  work  on  magnesium  carbon- 
ate as  having  positive  value,  we  shall  get  from  their  analy- 
ses the  following  result,  viz:  Mg  =  23.959,  dz  .0046.  Or, 
if  O  =  16,  this  becomes  24.014.  The  atomic  weight  of  mag- 
nesium, therefore,  varies  from  the  whole  number  24,  only 
within  the  ordinary  limits  of  experimental  error., 
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ZINC. 

The  several  detenninations  of  the  atomic  weight  of  zinc 
are  by  no  means  closely  concordant.  The  results  obtained 
by  Gay-Lussac*  and  Berzeliusf  were  undoubtedly  too  low, 
and  may  be  disregarded  here.  We  need  consider  only  the 
work  done  by  Jacquelain,  Favre,  and  Axel  Erdmaun. 

In  1842  Jacquelain  published  the  results  of  his  investiga- 
tions upon  this  important  constant.^  In  two  experiments  a 
weighed  quantity  of  zinc  was  converted  into  nitrate,  and 
that  by  ignition  in  a  platinum  crucible  was  reduced  to  oxide. 
In  two  other  experiments  sulphuric  acid  took  the  place  of 
nitric.  As  the  zinc  contained  small  quantities  of  lead  and 
iron,  these  were  estimated,  and  the  necessary  corrections  ap- 
plied. From  the  weights  of  metal  and  oxide  given  by 
Jacquelain  the  percentages  have  been  calculated : 


Nt/n'c  Series, 

9.917  grm.  Zn 

gave 

12.3138  grm.  ZnO. 

80.536  per 

cent.  Zn 

9.809 

12.1800 

Sulphuric  Series, 

80.534 

*< 

2.398 

2.978  grm.  ZnO. 

80.524 

« 

3. 197 

3.968 

80.570 

«« 

Mean  of  all  four,  80.541,  ±:  .007 

Hence  Zn  =  66.072,  ±:  .028. 

The  method  adopted  by  Axel  Erdmann  ||  is  essentially  the 
same  as  that  of  Jacquelain,  but  varies  from  the  latter  in  cer- 
tain important  details.  First,  pure  zinc  oxide  was  prepared, 
ignited  in  a  covered  crucible  with  sugar,  and  then,  to  com- 
plete the  reduction,  ignited  in  a  porcelain  tube  in  a  current 
of  hydrogen.  The  pure  zinc  thus  obtained  waq  converted 
into  oxide  by  means  of  treatment  with  nitric  acid  and  sub- 


*  Mipaoire  d'Arceuil,  2,  174. 

t  GilK  Annal.,  37,  460. 

J  Compt.  Rend.,  14,  636. 

II  Poggend.  Annal.,  62,  611.     Berz.  Lehrb.,  3,  1219. 
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sequent  ignitiou  in  a,  porcelain  crucible.    Erdmann's  figures 
give  us  the  following  percentages  of  metal  in  the  oxide : 

80.247 
80.257 
80.263 
80.274 


Mean,  80.260,  dt  .0037 

Hence  Zn  =  64.9045,  di  .019. 

If  we  combine  the  results  of  Jacquelain  with  those  of  Erd- 
mann,  we  get  a  mean  percentage  of  zinc,  80.324,  ±:  .0032 ; 
and  an  atomic  weight  of  Zn  =  65.168,  ±  .018.  The  reason 
for  the  discordance  between  the  two  experimenters  will  be 
considered  further  along. 

Favre*  employed  two  methods  of  investigation.  First, 
zinc  was  dissolved  in  sulphuric  acid,  the  hydrogen  evolved 
was  burned,  and  the  weight  of  water  thus  formed  was  de- 
termined. To  his  weighings  I  append  the  ratio  between 
metallic  zinc  and  100  parts  of  water : 

25.389  grm.  Zn  gave  6.928  grm.  Hj^O.  366.469 

30.369  "  8.297  "  366.024 

31.776  "  8.671  "  366.463 


Hence  Zn  =  65.803,  i  .020. 


Mean,  366.319,  dz  .088 


The  second  method  adopted  by  Favre  was  to  burn  pure 
zinc  oxalate,  and  to  weigh  the  oxide  and  carbonic  acid  thus 
produced.  From  the  ratio  between  these  two  sets  of  weights 
the  atomic  weight  of  zinc  is  easily  deducible.  From  Favre's 
weighings,  if  CO,  =  100,  ZnO  will  be  as  given  in  the  third 
column  below : 

7.796  grm.  ZnO  =  8.365  gnn.  CO,.  93- "9^ 

7.342  «  7.883         "  93.137 

5.2065  "  5.588         "  93>73 


Mean,  93.169,  d=  .012 

Hence  Zn  =  65.8395,  ±  .022. 

»  Ann.  Chim.  Phys.,  (3,)  10,  163.     1844- 
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A  fourth  combustion  of  the  oxalate  is  omitted  from  the 
above  series,  having  been  rejected  by  Favre  himself.  In  this 
the  oxide  formed  was  contaminated  by  traces  of  sulphide. 

The  four  values  for  zinc  now  before  us  are  so  discordant 
that  a  combination  of  them  after  the  usual  method  can  have 
only  a  trifling  significance.  The  following  is  the  result  thus 
obtained : 

From  Jacquelain's  figures Zn  =  66.072,    db  .028 

From  Favre's  water  series **   ;r=  65.803,    zt  .020 

From  Favre's  oxalate  series. _  "   =  65.8395,  dr  .022 
From  Erdmann's  figures •*   =  64.9045,  z±z  .019 


General  mean "   r=  65.557,    ih  .011 

It  will  be  seen  that  three  of  these  values  agree  tolerably 
well,  placing  the  atomic  weight  of  zinc  in  the  neighborhood 
of  66,  while  the  other  is,  in  round  numbers,  about  a  unit 
lower.  This  lower  figure,  however,  has  the  smallest  proba- 
ble error,  and  it  will  be  found  also,  upon  careful  considera- 
tion, that  it  is  less  likely  than  the  others  to  be  vitiated  by 
experimental  inaccuracies.  Both  chemically  and  mathe- 
matically it  is  the  best. 

Upon  comparing  Erdmann's  results  with  those  of  Jacque- 
lain  two  points  are  worth  noticing :  first,  Erdmann  worked 
with  purer  material  than  Jacquelain,  although  the  latter 
applied  corrections  for  the  impurities  which  he  knew  were 
present;  secondly,  Erdmann  calcined  his  zinc  nitrate  in  a 
porcelain  crucible,  while  Jacquelain  used  platinum.  In  the 
latter  case  it  has  been  shown  that  portions  of  zinc  may  be- 
come reduced  and  alloy  themselves  with  the  platinum  of 
the  crucible.  Hence  a  lower  weight  of  oxide  from  a  given 
quantity  of  zinc,  a  higher  percentage  of  metal,  and  an  in- 
creased atomic  weight.  This  source  of  constant  error  has 
undoubtedly  affected  Jacquelain's  experiments,  and  vitiated 
his  results.  In  Erdmann's  work  no  such  errors  seem  to  be 
present. 

Over  Favre's  experiments  Erdmann's  have  the  important 
merit  of  simplicity.  In  the  latter  it  is  difficult  to  detect 
sources  of  error ;  in  the  former  it  is  easy.    In  Favre's  water 
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series  it  was  essential  that  the  hydrogen  should  first  be 
thoroughly  dried  before  combustion,  and  then  that  every 
trace  of  water  formed  should  be  collected.  A  trivial  loss  of 
hydrogen  or  of  water  would  tend  to  increase  the  apparent 
atomic  weight  of  zinc. 

In  the  combustion  of  the  zinc  oxalate  equally  great  diflS- 
culties  are  encountered.  Here  a  variety  of  errors  are  possi- 
ble, such  as  are  due,  for  example,  to  impurity  of  material, 
to  imperfect  drying  of  the  carbon  dioxide,  and  to  incomplete 
collection  of  the  latter.  It  may  not  be  easy  to  prove  that 
such  errors  actually  did  creep  into  Favre's  work,  and  yet 
their  possibility  hinders  us  from  absolutely  accepting  his 
results. 

All  things  considered,  then,  Erdmann's  determination  of 
the  atomic  weight  of  zinc  is  the  one  most  entitled  to  credit, 
and  must  be  taken  for  the  present  in  lieu  of  the  general 
mean  deduced  from  all  four  of  the  values.  This  determina- 
tion, Zn  =  64.9045,  ±  .019,  becomes,  if  0  =  16,  65.054. 


CADMIUM. 


The  earliest  determination  of  the  atomic  weight  of  this 
metal  was  by  Stromeyer,  who  found  that  100  parts  of  cad- 
mium united  with  14.352  of  oxygen.*  With  our  value 
for  the  atomic  weight  of  oxygen  these  figures  make  Cd  = 
111.227.    This  resuU  has  now  only  a  historical  interest. 

The  more  modern  estimates  of  the  atomic  weight  of  cad- 
mium are  four  in  number,  by  v.  Hauer,  Lenssen,  Dumas, 
and  Huntington.  Of  these  that  by  v.  Hauer  f  comes  first 
in  chronological  order.  He  heated  pure  anhydrous  cad- 
mium sulphate  in  a  stream  of  dry  hydrogen  sulphide,  and 
weighed  the  cadmium  sulphide  thus  obtained.    His  results 

♦See  Berz.  Lehrbuch,  5th  Ed.,  3,  1219. 
t  Joum.  fUr  Prakt.  Chem.,  72,  350.     1857. 
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were  as  follows,  with  the  percentage  of  CdS  in  GdS04  there- 
from deduced  < 


7.7650  grm. 

CdSO^ 

gave  53741  gnw. 

CdS.    69.209  pel 

■cent 

6.6086 

«< 

4.5746 

69.222 

< 

7.3821 

«( 

5.1117 

69.245 

( 

6.8377 

(( 

4-7336 

69.228 

t 

8.1956 

« 

5.6736 

69.227 

u 

7.6039 

«< 

5.2534 

*       69.220  * 

( 

7.141S 

it 

4.9431 

69.217   - 

( 

5.8245 

*t 

4.0335 

69.251 

< 

6.8462 

« 

4.7415 

69.257   • 

< 

Mean,  69.231,  =b  .0042 

Lenssen*  worked  upon  pure  cadmium  oxalate,  handUng, 
however,  only  small  quantities  of  material.  This  salt,  upon 
ignition,  leaves  the  following  percentages  of  oxide : 

.5128  grm.  oxalate  gave  .3281  gnn.  CdO.     63.982  per  cent 
.6552       "       .4193    •«         63.996   " 
.4017       "       .2573    "         64.053   " 


Mean,  64.010,  ±  .014 

Dumas  t  dissolved  pure  cadmium  in  hydrochloric  acid, 
evaporated  the  solution  to  dryness,  and  fused  the  residue  in 
hydrochloric  acid  gas.  The  cadmium  chloride  thus  ob- 
tained was  dissolved  in  water  and  titrated  with  a  solution 
of  silver  after  the  usual  manner.  From  Dumas'  weighings 
I  calculate  the  ratio  between  CdCl^  and  100  parts  of  silver: 


2.369  grm.  CdCl,  = 

=  2.791 

grm.  Ag. 

84.880 

4.540 

5348 

« 

84.892 

6.177 

7.260 

« 

85.803 

2.404 

2.841 

<( 

84.618 

3.5325 

4.166 

(( 

84.794 

4.042 

4.767 

« 

84.791 

Mean,  84.843,  ±:  .026 

Latest  of  all  comes  Huntington's  J  work,  done  under  the 
direction  of  Professor  J.  P.  Cooke.    Bromide  of  cadmium 

*  Joum.  fiir  Prakt.  Chem.,  79,  281.     i860, 
t  Ann.  Chem.  Pharm.,  113,  27.     i860, 
t  Proc.  Amer.  Acad.,  1881. 
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was  prepared  by  dissolving  the  carbonate  in  hydrobromic 
acid,  and  the  product,  dried  at  200°,  was  purified  by  sub- 
limation in  a  porcelain  tube.  Upon  the  compound  thus 
obtained  two  series  of  experiments  were  made. 

In  one  series  the  bromide  was  dissolved  in  water,  and  a 
quantity  of  silver  not  quite  sufficient  for  complete  precipi- 
tation of  the  bromine  was  then  added  in  nitric  acid  solu- 
tion. After  the  precipitate  had  settled,  the  supernatant 
liquid  was  titrated  with  a  standard  solution  of  silver  con- 
taining one  gramme  to  the  litre.  The  precipitate  was 
washed  by  decantation,  collected  by  reverse  filtration,  and 
weighed.  To  the  weighings  I  append  the  ratio  between 
CdBr,  and  100  parts  of  silver  bromide : 

1.5592  gnn.  CdBr,  gave  2.1529  grm.  AgBr.     Ratio,  72.423 


*  3.7456 

«< 

5.1724 

« 

72.415 

2.4267 

<( 

3.3511 

it 

72.415 

*3.6645 

ft 

5.0590 

ft 

72.435 

*  3.7679 

« 

5.2016 

tt 

72.437 

2.7938 

« 

3.8583 

tt 

72.410 

*  1.9225 

<« 

2.6552 

tt 

72.405 

3.4473 

(( 

4.7593 

tt 

72.433 

Mean,  72.4216,  ib  .0028 

The  second  series  was  like  the  first,  except  that  the  weight 
of  silver  needed  to  effect  precipitation  was  noted,  instead  of 
the  weight  of  silver  bromide  formed.  In  the  experiments 
marked  with  an  asterisk,  both  the  amount  of  silver  required 
and  the  amount  of  silver  bromide  thrown  down  were  deter- 
mined in  one  set  of  weighings.  The  third  column  gives  the 
CdBr,  proportional  to  100  parts  of  silver : 

*  37456  g"0.  CdBr,  =  2.9715  grm.  Ag.  126.05 

5.0270  "  3.9874         "  126.07: 


5.0270 

tt 

3.9874 

tt 

126.072 

♦3.6645 

tt 

2.9073 

tt 

126.045 

*  3. 7679 

ft 

2.9888 

tt 

126.067 

*  1.9225 

tt 

1.5248 

" 

126.082 

2.9IOI 

tt 

2.3079 

tt 

126.093 

3.6510 

tl 

2.8951 

tt 

126. 1 10 

39782 

tt 

3.I55I 

tt 

126.088 

Mean,  126.076,  d=  .0052 
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From  the  first  series CdBr,  =  271.498,  db  .032 

From  the  second  series—    "      =  271.505,  zh  .027 

General  mean...     «*      =  271.502,  ifc  .0215 

Hence  Cd  =  111.966,  ±  .043. 

According  to  Huntington's  own  calculations  these  experi- 
ments fix  the  ratio  between  silver,  bromine,  and  cadmium 
as  Ag  :  Br  :  Cd  : :  108  :  80  :  112.31.  This  result  miUtates 
strongly  against  Front's  hypothesis. 

Upon  combining  all  the  determinations  we  get  the  follow- 
ing result : 

V.  Hauer . Cd  ==  1 11.684,  ±  '^HO 

Lenssen "   =  11 1.803,  zh  .062 

Dumas "   =  11 1.969,  db  .065 

Huntington "   =  11 1.966,  ±  .040 

General  mean "   =  11 1.835,  ^^  '024 

Or,  if  0  =  16,  then  Cd  =  112.092. 

It  will  be  seen  that  Dumas  and  Huntington's  determina- 
tions, both  made  with  haloid  salts  of  cadmium,  agree  with 
wonderful  closeness,  and  so  confirm  each  other.  On  the 
other  hand,  v.  Hauer's  data  give  a  value  for  the  atomic 
weight  of  cadmium  which  is  much  lower.  Apparently,  v. 
Hauer's  method  was  good,  and  the  reason  for  the  discrep- 
ancy remains  to  be  discovered.  Until  it  is  ascertained  I 
prefer  to  use  the  above  mean  value  for  Cd,  rather  than  to 
adopt  one  investigation  and  reject  the  others. 


MERCURY. 


In  dealing  with  the  atomic  weight  of  mercury  we  may 
reject  the  early  determinations  by  Sefetrom*  and  a  large 
part  of  the  work  done  by  Turner.f  The  latter  chemist,  in 
addition  to  the  data  which  will  be  cited  below,  gives  figures 

*Sefstr5m.     Berz.  Lehrb.,  5th  Ed.,  3,  1215.     Work  done  in  1812. 
t  PhU.  Trans.,  1833,  53>-535. 
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to  represent  the  percentage  composition  of  both  the  chlo- 
rides of  mercnry ;  but  these  results  are  neither  reliable  nor 
in  proper  shape  to  be  used. 

First  in  order  we  may  consider  the  percentage  composi- 
tion of  mercuric  oxide,  as  established  by  Turner  and  by 
Erdmann  and  Marchand.  In  both  investigations  the  oxide 
was  decomposed  by  heat,  and  the  mercury  was  accurately 
weighed.  Gold  leaf  served  to  collect  the  last  traces  of  mer- 
curial vapor. 

Turner  gives  four  estimations.*  Two  represent  oxide  ob- 
tained by  the  ignition  of  the  nitrate,  and  two  are  from  com- 
mercial oxide.  In  the  first  two  the  oxide  still  contained 
traces  of  nitrate,  but  hardly  in  weighable  proportions.  A 
comparison  of  the  figures  from  this  source  with  the  others 
is  suflBciently  conclusive  on  this  point.  The  third  column 
represents  the  percentage  of  mercury  in  HgO : 


144.805  grains  Hg  —  11.54  grains  0. 

92.619 

125.980            "            10.08 

92.592 

173.561            "            13.82       " 

92.625 

114.294            '*              9.101     ** 

92.620 

Mean,  92.614,  rfc  .0050 

In  the  experiments  of  Erdmann  and  Marchand  t  every 
precaution  was  taken  to  ensure  accuracy.  Their  weighings, 
reduced  to  a  vacuum  standard,  give  the  subjoined  percent- 

82.0079  grm.  HgO  gave  75-9347  gnu.  Hg.  92.594  per  cent. 

51.0320  "  47-2538        "  92.597       " 

84.4996  "  78.2501         "  92.604      " 

44.6283  "  41.3285        "  92.606      " 

118.4066  "  109.6408        "  92.597      " 


Mean,  92.5996,  ;i=  .0015 


Combining,  we  have : 


Turner 92.614,    ±.0050 

Erdmann  and  Marchand 92.5996,  db  .0015 


Genera]  mean 92.601,    ±  .0014 


»Phil.  Trans.,  1833,  531-535- 

f  Joum.  fiir  Prakt.  Chem.,  31,  395.     1844. 
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With  a  view  to  establishing  the  atomic  weight  of  sulphur 
Erdmann  and  Marchand  also  made  a  series  of  analyses  of 
pure  mercuric  sulphide.  These  data  are  now  best  available 
for  discussion  under  mercury.  The  sulphide  was  mixed 
with  pure  copper  and  ignited ;  mercury  distilling  over  and 
copper  sulphide  remaining  behind.  Gold  leaf  was  used  to 
retain  traces  of  mercurial  vapor,  and  the  weighings  were 
reduced  to  vacuum : 

34.3568  grm.  HgS  gave  29.6207  grm.  Kg.  86.215  percent.  Hg. 

24.8278  "  21.40295       "  86.206  " 

37.2177  "  32.08416      "  86.207  *< 

80.7641  «  69.6372        "  86.223  « 

Mean,  86.2127,  ±  .0027 

For  the  percentage  of  mercury  in  mercuric  chloride  we 
have  data  by  Turner,  Millon,  and  Svanberg.  Turner,*  in 
addition  to  some  precipitations  of  mercuric  chloride  by  silver 
nitrate,  gives  two  experiments  in  which  the  compound  was 
decomposed  by  pure  stannous  chloride,  and  the  mercury 
thus  set  free  was  collected  and  weighed.  The  results  were 
as  follows : 

44.782  grains  Hg  =  15.90  grains  CI.  73*798  per  cent. 

73.09  **  25.97        "  73-784      " 

Mean,  73.791,  dr  .005 

Millonf  purified  mercuric  chloride  by  solution  in  ether 
and  sublimation,  and  then  subjected  it  to  distillation  with 
lime.  The  mercury  was  collected  as  in  Erdmann  and  Mar- 
chand's  experiments.    Percentages  of  metal  as  follows  : 

73.87 
7381 
7383 
73.87 


Mean,  73.845,  ±  .010 

Svanberg,t  following  the  general  method  of  Erdmann . 

♦PhU.  Trans.,  1833,  531-5^5- 

t  Ann.  Chim.  Phys.,  (3,)  18.  345     1846. 

J  Joum.  Ittr  Prakt.  Chem.,  45,  472.     1848. 
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and  Marchand,  made  three  distillations  of  mercuric  chlo- 
ride with  lime,  and  got  the  following  results : 

12.048  grm.  HgCl^  gave  8.889    81™-  Hg.  73. 780  per  cent. 

12.529  "  9.2456         "  73.794      " 

12.6491  "  9-3363         **  73810      " 


Mean,  73.795,  dz  .006 


Combining  these  series  we  have : 


Turner 73-791,  dr  .005 

Millon 73.845,  ±  .010 

Svanberg  .-^ 73-795,  =b  .006 

General  mean 73-798,  dr  .0034 

In  this  mean  Turner's  figures  undoubtedly  receive  undue 
weight,  for,  on  experimental  grounds,  they  are  probably  in- 
ferior to  both  of  the  other  series.  It  is  better,  however,  that 
the  general  mean  should  remain  as  it  is,  than  that  I  should 
deal  arbitrarily  with  any  of  the  data. 

We  now  have  three  figures  to  calculate  from : 

Per  cent,  of  Hg  in  HgO 92.601,    ±:  .0014 

"  HgS._ 86.2127,  rh  .0027 

HgCl, 73.798,    ±  .0034 

These  give  us  three  values  for  the  atomic  weight  of  mer- 
cury and  a  general  mean  as  follows : 

From  HgO Hg  =  199.786,  zb  .059 

From  HgS "    =  200.016,  rh  .088 

From  HgClj "    =  199.239,  ±  .086 

General  mean "    =  199.712,  d:  .042 

K  O  =  16,  then  this  becomes  200.171. 


CHROMIUM. 


Concerning  the  atomic  weight  of  chromium  there  has 
been  much  discussion,  and  many  experimenters  have  sought 
to  establish  the  true  value.    The  earliest  work  upon  it  hav- 
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ing  any  importance  was  that  of  Berzelius,*  in  1818  and 
1826,  which  led  to  results  much  in  excess  of  the  correct 
figure.  His  method  consisted  in  precipitating  a  known 
weight  of  lead  nitrate  with  an  alkaline  chromate  and  weigh- 
ing the  lead  chromate  thus  produced.  The  error  in  his  de- 
termination arose  from  the  fact  that  lead  chromate,  except 
when  thrown  down  from  very  dilute  solutions, 'carries  with 
it  minute  quantities  of  alkaline  salts,  and  so  has  its  apparent 
weight  notably  increased.  When  dilute  solutions  are  used, 
a  trace  of  the  precipitate  remains  dissolved,  and  the  weight 
obtained  is  too  low.  In  neither  case  is  the  method  trust- 
worthy. 

In  1844  Berzelius'  results  were  first  seriously  called  in 
question.  The  figure  for  chromium  deduced  from  his  ex- 
periments was  somewhat  over  56 ;  but  Peligotf  now  showed, 
by  his  analyses  of  chromous  acetate  and  of  the  chloride  of 
chromium,  that  the  true  number  was  near  52.5.  Unfortu- 
nately, Peligot's  work,  although  good,  was  published  with 
insufficient  details  to  be  useful  here.  For  chromous  acetate 
he  gives  the  percentages  of  carbon  and  hydrogen,  but  not 
the  actual  weights  of  salt,  carbon  dioxide,  and  water  from 
which  they  were  calculated.  His  figures  vary  considerably 
moreover ;  enough  to  show  that  their  mean  would  carry  but 
little  weight  when  combined  with  thfe  more  explicit  data 
furnished  by  other  chemists. 

Jacquelain'sJ  work  we  may  omit  entirely.  He  gives  an 
atomic  weight  for  chromium  which  is  notoriously  too  low, 
and  prints  none  of  the  numerical  details  upon  which  his 
result  rests.  The  researches  which  particularly  command 
our  attention  are  those  of  Berlin,  Moberg,  Lefort,  Wilden- 
stein,  Kessler,  and  Siewert. 

Among  the  papers  upon  the  atomic  weight  under  consid- 
eration that  by  Berlin  is  one  of  the  most  important.  ||  His 
starting  point  was  normal  silver  chromate ;  but  in  one  ex- 

*  Schweigg.  Journ.,  22,  53,  and  Poggend.  Annal.,  8,  22. 
fCompt.  Rend.,  19,  609  and  734;  20,  1187;  21,  74. 

I  Compt.  Rend.,  24,  679.     1847. 

II  Journ.  fUr  Prakt.  Chem.,  37,  509,  and  38,  149.     1846. 
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periment  the  anhydrochromate  Ag ,  Cr ,  0  ^  was  used.  These 
salts,  which  are  easily  obtained  in  a  perfectly  pure  condition, 
were  reduced  in  a  large  flask  by  means  of  hydrochloric  acid 
and  alcohol.  The  chloride  of  silver  thus  formed  was  washed 
by  decantation,  dried,  fused,  and  weighed  without  transfer. 
The  united  washings  were  supersaturated  with  ammonia, 
evaporated  to  .dryness,  and  the  residue  treated  with  hot 
water.  The  resulting  chromic  oxide  was  then  collected 
upon  a  filter,  dried,  ignited,  and  weighed.  The  results  were 
as  follows : 

4.6680  grm.  AgjCrO^  gave  4.027  grm.  AgCl  and  1.0754  grm.  Cr,0,. 

3.4568  "  2.983  "  .7960 

2.5060  "  2.1605  "  -5770  " 

2.1530  "  1.8555  "  .4945 

4-3335  g"n-  Ag,Cr,0,  gave  2.8692  **  1.5300 

From  these  weighings  three  values  are  calculable  for  the 
atomic  weight  of  chromium.  The  three  ratios  upon  which 
these  values  depend  we  will  consider  separately ;  taking  first 
that  between  the  chromic  oxide  and  the  original  silver  salt. 
In  the  four  analyses  of  the  normal  chromate  the  percentages 
of  CrjOs  deducible  from  Berlin's  weighings  are  as  follows : 

23.037 
23.027 
23.025 
22.968 


Mean,  23.014,  ±  .oil 

And  from  the  single  experiment  with  AgjCrjOt  ^^^  Per- 
centage of  CrjOg  was  35.306. 

For  the  ratio  between  AgjCrO^  and  AgCl,  putting  the 
latter  at  100,  we  have  for  the  former : 

115.917 

"5.883 
115.992 
116.033 


Mean,  115.956,  db  .023 
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In  the  single  experiment  with  anhydrochromate  100  AgCl 
is  formed  from  151.035  Ag,Cr,Ot. 

Finally,  for  the  ratio  between  AgCl  and  Cr,0,,  the  five 
experiments  of  Berlin  give,  for  100  parts  of  the  former,  the 
following  quantities  of  the  latter : 

26.705 
26.685 
26.707 
26.650 
26.662 


Mean,  26.682,  it  .0076 

These  results  will  be  discussed  in  connection  with  the 
work  of  other  investigators  at  the  end  of  this  chapter. 

In  1848  the  researches  of  Moberg*  appeared.  His  method 
simply  consisted  in  the  ignition  of  anhydrous  chromic  sul- 
phate and  of  ammoniacal  chrome  alum,  and  the  determina- 
tion of  the  amount  of  chromic  oxide  thus  left  as  residue. 
In  the  sulphate,  Cr, (804)3,  ^^^  subjoined  percentages  of 
CrjOg  were  found.  The  brackets  indicate  two  different 
samples  of  material,  to  which,  however,  we  are  justified  in 
ascribing  equal  value : 


1.337 
.5287 
1033 

.868 


From  the  alum,  (NH JjCrj(SOJ,.24H,0,  we  have  these 
percentages  of  Cr,08.  The  first  series  represents  a  salt  long 
dried  under  a  bell  jar  at  a  temperature  of  18°.  The  crys- 
tals taken  were  clear  and  transparent,  but  may  possibly 
have  lost  traces  of  water,t  which  would  tend  to  increase  the 
atomic  weight  found  for  chromium.  In  the  second  series 
tlie  salt  was  carefully  dried  between  folds  of  filter  paper,  and 

*  Joum.  fiir  Prakt.  Chem.,  43,  114. 

f  This  objection  is  suggested  by  Berlin  in  a  short  note  upon  Lefort's  paper. 
Joum.  filr  Prakt.  Chem.,  71,  191. 


.212  grm.  C 

r,0,. 

39. 1 14  per  cent. 

■523 

39.117       " 

.207          " 

39153      " 

.406 

39.303      " 

341 

Mean, 

39.286      " 

,  39-1946,  =b  .02 
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results  were  obtained  quite  near  those  of  Berlin.  Both  of 
these  series  are  discussed  together,  neither  having  a  remark- 
able value : 

1. 3185  grm.  alum  gave  .213  grm.  Cr,0,.   16.155  percent. 


.7987 
1.0185 
1.0206 

.8765 

.7680 
1.6720 

.5410 
1*2010 
1. 0010 

.7715 
1.374 


.129 

.1645 

.1650 

.1420 

.1242 

.2707 

.0875 
.1940 
.1620 

•1235 
.2200 


16.151 
16.151 
16.167 
16.201 
16.172 
16.190 
16.174 

16.153 
16.184 
16.007 
16.012   «    ] 

Mean,  16.143,  ±  .0125 


The  determinations  made  by  Lefort*  are  even  less  valu- 
able than  those  by  Moberg.  This  chemist  started  out  from 
pure  barium  chromate,  which,  to  thoroughly  free  it  from 
moisture,  had  been  dried  for  several  hours  at  250°.  The 
chromate  was  dissolved  in  pure  nitric  acid,  the  barium 
thrown  down  by  sulphuric  acid,  and  the  precipitate  collected 
upon  a  filter,  dried,  ignited,  and  weighed  in  the  usual  man- 
ner. The  natural  objection  to  the  process  is  that  traces  of 
chromium  may  be  carried  down  with  the  sulphate,  thus  in- 
creasing its  weight.  In  fact,  Lefort's  results  are  somewhat 
too  high.  Calculated  from  his  weighings,  100  parts  of 
BaSO^  correspond  to  the  amounts  of  BaCrO^  given  in  the 
third  column : 

1.2615  grm.  BaCrO^gave  1.1555  grm.  BaS04.        109.174 


1.5895 

« 

1.4580 

(C 

109.019 

2.3255 

it 

2.1340 

tt 

108.974 

30390 

•t 

2.7855 

It 

109.  lOI 

2.3480 

tl 

2.1590 

tt 

108.754 

1.4230 

It 

1.3060 

It 

108.708 

1. 1975 

tt 

1. 1005 

tt 

108.814 

3.4580 

t* 

3.1690 

tt 

109. 1 19 

2.0130 

(( 

1.8430 

tt 

109.224 

♦  Joum.  fUr  Prakt.  Chem. ,  5 1 ,  261 .     1 850. 
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3.5570  grm.  BaCrO^gave  3.2710  grm.  BaSO^.  108.744 

1.6470       «*  1.5060     "  109.363 

1.8240       "  1.6725     "  109.058 

1.6950       "  1.5560     "  108.933 

2.5960       «*  2.3870     «  108.756 

Mean,  108.9815,  db  .0369 

Wildenstein,*  in  1853,  also  made  barium  chromate  the 
basis  of  his  researches.  A  known  weight  of  pure  barium 
chloride  was  precipitated  by  a  neutral  alkaline  chromate, 
and  the  precipitate  allowed  to  settle  until  the  supernatant 
liquid  was  perfectly  clear.  The  barium  chromate  was  then 
collected  on  a  filter,  washed  with  hot  water,  dried,  gently 
ignited,  and  weighed.  Here  again  arises  the  objection  that 
the  precipitate  may  have  retained  traces  of  alkaline  salts, 
and  again  we  find  deduced  an  atomic  weight  which  is  too 
high.  One  hundred  parts  BaCrO^  correspond  to  BaCl,  as 
follows : 


81.87 

81.57 

81.80 

81.75 

81.61 

81.66 

81.78 

81.83 

81.52 

81.66 

81.84 

81.80 

81.85 

81.66 

81.70 

81.85 

81.68 

81.57 

81.54 

81.83 

81.66 

81.71 

81.55 

81.63 

81.81  . 

81.56 

81.86 

81.58 

81.54 

81.67 

81.68 

81,84 

Mean,  81.702, 

.014 

Next  in  order  we  have  to  consider  two  papers  by  Kessler, 
who  employed  a  peculiar  volumetric  method  entirely  his 
own.  In  brief,  he  compared  the  oxidizing  power  of  potas- 
sium anhydrochromate  with  that  of  the  chlorate,  and  from 

*  Journ.  filr  Prakt.  Chem.,  59,  27. 
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his  observations  deduced  the  ratio  between  the  molecular 
weights  of  the  two  salts. 

In  his  earlier  paper*  the  mode  of  procedure  was  about  as 
follows:  The  two  salts,  weighed  out  in  quantities  having 
approximate  chemical  equivalency,  were  placed  in  two  small 
flasks,  and  to  each  was  added  100  cc.  of  a  ferrous  chloride 
solution  and  30  cc.  hydrochloric  acid.  The  ferrous  chloride 
was  added  in  trifling  excess,  and,  when  action  ceased,  the 
amount  unoxidized  was  determined  by  titration  with  a 
standard  solution  of  anhydrochromate.  As  in  each  case 
the  quantity  of  ferrous  chloride  was  the  same,  it  became 
^  easy  to  deduce  from  the  data  thus  obtained  the  ratio  in 
question.  I  have  reduced  all  of  his  somewhat  complicated 
figures  to  a  simple  common  standard,  and  give  below  the 
amount  of  chromate  equivalent  to  100  of  chlorate : 

I 20.118 
120.371 
120.138 
120.096 
120.241 
120.  ¥81 

Mean,  120. 191,  db  .028 

*^  his  later  paperf  Kessler  substituted  arsenic  trioxide 

qu    ^^.^  ^^^^  solution.     In  one  series  of  experiments  the 

^titj-  Qf  anhydrochromate  needed  to  oxidize  100  parts 

^/J^  Mjrsenic  trioxide  was  determined,  and  in  another  the 

Ljj       ^ji."lDstance  was  similarly  compared  with  the  chlorate. 

\  ^^^Icpjoined  columns  give  the  quantity  of  each  salt  pro- 

^^V^«.ltolOOof  As.Os: 

K^Cr^Oy  KCIO^, 

98.95  41.156 

98.94  41. 1 16 

99.17  41.200 

98.98  41.255 

99.08  41.201 

99.15  41.086 


41.199 

Mean,  99.045,  ih  .028  41.224 


*  Poggend.  Annal.,  95,  208.  1855. 
fPoggend.  Annal.,  113,  137.  1861. 
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41.161 
41193 
41.149 
41.126 

Mean,  41.172,  d=  .009 

From  the  data  given  in  the  earlier  paper,  if  we  use  our 
recent  values  for  chlorine,  potassium,  and  oxygen, 

KjCfjO^  =  293.937,  zb  .086 
And  from  the  later,        "       =  294.159,  ±1  .iig 


General  mean,        "       ^?=  294.013,  zb  .0697 

Finally,  we  come  to  the  determinations  published  by  Sie- 
wert,*  whose  work  does  not  seem  to  have  attracted  general 
attention.  He,  reviewing  Berlin's  work,  found  that  upon 
reducing  silver  chromate  with  hydrochloric  acid  and  al- 
cohol, the  chromic  chloride  solution  always  retained  traces 
of  silver  chloride  dissolved  in  it.  These  could  be  precipi- 
tated by  dilution  with  water ;  but,  in  Berlin's  process,  they 
naturally  came  down  with  the  chromium  hydroxide,  mak- 
ing the  weight  of  the  latter  tob  high.  Hence  too  large  a 
value  for  the  atomic  weight  of  chromium.  In  order  to  find 
a  more  correct  value  Siewert  resorted  to  the  analysis  of  sub- 
limed, violet,  chromic  chloride.  This  salt  he  fused  with 
sodium  carbonate  and  a  little  nitre,  treated  the  fused  mass 
with  water,  and  precipitated  from  the  resulting  solution  the 
chlorine  by  silver  nitrate  in  presence  of  nitric  acid.  The 
weight  of  the  silver  chloride  thus  obtained,  estimated  after 
the  usual  maimer,  gave  m^ans  for  calculating  the  atomic 
weight  of  chromium.  His  figures,  reduced  to  a  common 
standard,  give,  as  proportional  to  100  parts  of  chloride  of 
silver,  the  quantities  of  chromic  chloride  stated  in  the  third 
of  the  subjoined  columns : 

*  Zcitschrift  Gesammt.  Wissenschaften,  17,  530.     1861. 
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2367  gnn.  Cr,Cl,  gave  .6396  gnn.  AgQ.  37.007 

2946  "  .7994  "  36.853 

2593  "  .7039  "  36.838 

4935  "  1-3395  "  36.842 

5850  "  1.5884  "  36.830 

.6511  "  1. 76681  **  36.852 

5503  "  1.49391  "  36.836 


Mean,  36.865,  d=  .0158 

The  first  of  these  figures  varies  so  widely  firom  the  others 
that  we  are  justified  in  rejecting  it;  in  which  case  the  mean 
becomes  36.842,  db  .0031. 

Siewert  also  made  two  analyses  of  silver  anhydrochromate 
by  the  following  process.  The  salt,  dried  at  120°,  was  dis- 
solved in  nitric  acid.  The  silver  was  then  thrown  down  by 
hydrochloric  acid,  and,  in  the  filtrate,  chromium  hydroxide 
was  precipitated  by  ammonia.  Reduced  to  a  uniform  stan- 
dard, we  find  from  his  results,  corresponding  to  100  parts  of 
AgCl,  AgjCr,07,  as  in  the  last  column : 

.7866  grm.  Ag,Cr,Of  gave  .52202  AgO  and  .2764  Cr^O,.         150.684 
1.089  "  .72249        "         .3840     "  150.729 

Mean,  150.706,  dr  .015 

Giving  Berlin's  single  estimation  equal  weight  with  one 
of  these,  and  combining,  we  get  a  general  mean  of  150.816, 
±  .074. 

Siewert's  percentages  of  Ct^O^  obtained  from  AgjCr^Ot, 
are  as  follows,*  calculated  from  the  above  weighings. 

35.139 
35- 262 


Mean,  35.2005,  db  .0415 

Combining,  as  before,  with  Berlin's  single  result,  giving 
the  latter  equal  weight  with  one  of  these,  we  have  a  general 
mean  of  35.236,  ±  .0335. 

For  the  ratio  between  silver  chloride  and  chromic  oxide, 
Siewert's  two  analyses  of  the  anhydrochromate  come  out  as 
follows.    For  100  parts  of  AgCl  we  have  of  Oq^s  • 
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52.948 
53- 150 


Mean,  53.049,  ±  .068 

This  figure,  reduced  to  the  standard  of  Berlin's  work  on 
the  monochromate,  becomes  26.526,  ±  .034.  Berlin's  mean 
was  26.682,  ±  .0076.  The  two  means,  combined,  give  a  gen- 
eral mean  of  26.676,  =b  .074. 

We  may  now  consider  the  ratios  before  us,  which  are  as 
follows : 

(i.)  Percentage  Cr,0,  from  AgjCrO^,  23.014,  ±  .oil 

(2.)  Percentage  Cr,0,  from  AgjCrjO^  35-236,  d=  .0335 

(3.)  AgCl  :  AgjCrO^  : :  100  :  1 15.956,  ±  .023 

(4.)  AgCl  :  AgjCrjO^  : :  100:  150.816,  d=  .074 

(5.)  AgCl  :  Cr,0,  : :  100  :  26.676,  dr  .0074 

(6.)  Percentage  Cr^O,  in  chromic  sulphate,  39.1946,  d=  .0280 

(7.)  Percentage  Cr^O,  in  ammonia  chrome  alum,  16.143,  ±  -0125 

(8.)  BaSO^  :  BaCrO^  : :  100  :  108.9815,  ±  .0369 

(9.)  BaCrO^  :  BaCl,  : :  100  :  81.702,  dr  .014 

(10.)  Molecular  weight  of  K^Cr fi^,  294.013,  ±.  .0697 

(II.)  AgCl  :  CrClj  : :  100  :  36.842,  zh  .0031 

From  these  ratios  we  can  at  once  deduce  five  values  for 
the  molecular  weight  of  CrjOg,  as  follows : 

From  (i) .Cr,0,  =  152.612,  ±  .074 

"       (2) "      =  151.905,  d=  .165 

"      (5) "      =  >52.634»  ±  .044 

«      (6) "      =  154.464,  ±  .135 

"      (7) "      =  154.512,  db  .125 


General  mean "      =-  152.855,  ±  .034 

For  barium  chromate  we  get  two  values : 

From  (8) BaCrO^  =  253.494,  ±  .094 

"      (9) "       =  253.976,  =h  .067 


General  mean "       =  253.816,  ±  .054 

From  (3)  we  get  AgjCrO^  =  33^-739*  ±  -070 
"  (4)  "  Ag,Cr,0^  =  431-470,  dt  .215 
"    (II)      "  CrClj  =  158.102,  d=  .018 

Finally,  from  these  intermediate  data  we  derive  six  values 
for  the  atomic  weight  of  chromium  : 
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From  BaCrO^ Cr  =  53.200,  d:  .064 

Cr,0, -*-— "  =  52.482,  ±  .018 

AgjCrO^ "  =  52.536,  =h  .074 

Ag,Cr,0, "  =  52.188,  ±  .109 

K,Cr,0,  -. "   =  52.116,  ±  .078 

Cra, "  =  51.992.  ±  .047 

General  mean ._-  "  =  52.453,  db  .015 

Or,  if  O  =  16 **  =  52.574 

On  account  of  the  wide  discrepancies  between  diflTerent 
data,  and  of  the  known  constant  errors  vitiating  some  of  the 
series  of  experiments,  the  foregoing  general  mean  can  have 
but  little  real  value.  In  fact,  a  careful  consideration  of  all 
the  work  represented  in  it  will  show  that  the  most  accurate 
estimate  of  the  atomic  weight  of  chromium  must  be  deduced 
from  the  experiments  of  either  Berlin,  Kessler,  or  Siewert. 
Berlin's  figures,  taken  by  themselves,  and  combined,  give, 
if  the  single  analysis  of  silver  anhydrochromate  be  assigned 
equal  weight  with  a  single  analysis  in  the  monochromate 
series,  Cr  =  52.389,  ±  .019;  or,  if  O  =  16,  Cr  =  52.511. 

Siewert's  results,  both  for  chromic  chloride  and  the  silver 
anhydrochromate,  properly  combined,  give  Cr  =  52.009, 
±  .025.  If  O  =  16,  this  value  becomes  Cr  =  52.129.  In 
brief,  the  atomic  weight  of  chromium  may  be  nearly  52.5, 
or  it  may  be  52.  Only  a  revision  of  all  the  experiments 
could  enable  us  to  decide  positively  between  these  values. 
But  as  Siewert  has  pointed  out  probable  sources  of  error  in 
Berlin's  work,  I  am  inclined  to  give  preference  to  the  lower 
value. 


MANGANESE. 

Rejecting  the  early  experiments  of  J.  Davy  and  of  Arf- 
vedson,  the  first  determinations  of  the  atomic  weight  of 
manganese  which  we  encounter  are  those  of  Turner*  and  of 
Berzelius.t    Both  of  these  chemists  used  the  same  method. 

*  Trans.  Roy.  Soc.  Edin.,  ii,  143.     1831. 
t  Lchrbuch,  5th  Ed.,  3, 1224. 
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The  chloride  of  manganese  was  fused  in  a  current  of  dry 
hydrochloric  acid,  and  subsequently  precipitated  with  a 
solution  of  silver.  From  the  subjoined  weighings  I  calcu- 
late the  ratio  given  in  the  third  column  between  MnCl,  and 
100  parts  of  AgCl: 

4.2077s  grm.  MnCl,  =    9.575     gnii.  AgCl.        43-945  1  gg^ii^s 
3.063  "        =    6.96912        "  43950/ 

12.47      grains  MnCl,  =  28.42  grains  AgCl.  43.878 — Turner. 


Mean,  43.924,  d=  .015 

Hence  the  molecular  weight  of  MnCl ,  is  125.662,  it  .045. 

Many  years  later  Dumas  *  also  made  the  chloride  of  man- 
ganese the  starting  point  of  some  atomic  weight  determina- 
tions. The  salt  was  fused  in  a  current  of  hydrochloric  acid, 
and  afterwards  titrated  with  a  standard  solution  of  silver 
in  the  usual  way.  100  parts  of  Ag  are  equivalent  to  the 
quantities  of  MnCl,  given  in  the  third  column : 

3.3672  gm.  MnCl,  =  5.774  grm.  Ag.  58.317 

3.0872  "  5.293        "  58.326 

2.9671  "  5-0875      "  58.321 

1. 1244  "  1.928        "  58.320 

1.3134  "  2.251         "  58.321 


Mean,  58.321,  ±  .001 

Hence  MnCl^  =  125.594,  ±  .011.  This,  combined  with 
Berzelius  and  Turner's  figures,  gives  MnCl,  =  125.598, 
dz  .011.    And  Mn  =  54.858,  ±  .031. 

An  entirely  different  method  of  investigation  was  followed 
by  V.  Hauer,t  who,  as  in  the  case  of  cadmium,  ignited  the 
sulphate  in  a  stream  of  sulphuretted  hydrogen,  and  deter- 
mined the  quantity  of  sulphide  thus  formed.  I  subjoin  his 
weighings,  and  also  the  percentage  of  MnS  in  MnSO^  as 
calculated  from  them : 


*  Ann.  Chem.  Pharm.,  113,  25.     i860, 
t  Joum.  filr  Prakt.  Chem.,  72,  360.     1857. 
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4.0626  grm. 

MnSO^ 

gave  2.3425  gnn.  MnS. 

57.660  per  cent. 

4.9367 

<« 

2.8442 

( 

57-613 

(1 

5-2372 

« 

3.0192 

< 

57.649 

tt 

7.0047 

« 

4.0347 

u 

57.600 

tt 

4.9>75 

«< 

2.8297 

( 

57.543 

tt 

4.8546 

«* 

2.7955 

( 

57.585 

tt 

4.9978 

<( 

2.8799 

* 

57.625 

tt 

46737 

« 

2.6934 

' 

57.629 

tt 

4.7240 

tt 

2.7197 

Mean 

57.572 

tt 

57.608, 

d=  .008 

129 


Hence  Mn  =  54.785,  ib  .031. 

This  method  of  v.  Hauer's,  which  seemed  to  give  good 
results  with  cadmium,  is,  according  to  Schneider,*  inappli- 
cable to  manganese ;  for  the  reason  that  the  sulphide  of  the 
latter  metal  is  liable  to  be  contaminated  with  traces  of  oxy- 
Bulphide.  Such  an  impurity  would  bring  the  atomic  weight 
out  too  high.  The  results  of  two  different  processes,  one 
carried  out  by  himself  and  the  other  in  his  laboratory  by 
Rawack,  are  given  by  Schneider  in  this  paper. 

Bawack  reduced  manganoso-manganic  oxide  to  manga- 
nous  oxide  by  ignition  in  a  stream  of  hydrogen,  and  weighed 
the  water  thus  formed.  From  his  weighings  I  get  the  values 
in  the  third  column,  which  represent  the  Mn8  04  equivalent 
to  one  gramme  of  water : 


4.149  gnn.  Mn^O^gave  0.330  grm.  H,0. 


4.649 
6.8865 

7.356 
8.9445 
11.584 


•370 

.5485 

.5855 

•7135 

•9225 


Hence  Mn  =  53.911,  ±  .026. 


12.5727 
12.5643 
12.5552 
12.5636 
12.5361 
12.5572 

Mean,  12.5582,  ±  .0034 


Here  the  most  obvious  source  of  error  lies  in  the  possible 
loss  of  water.  Such  a  loss,  however,  would  increase  the 
apparent  atomic  weight  of  manganese;  but  we  see  that 
the  value  found  is  much  lower  than  that  obtained  either  by 
Dumas  or  v.  Hauer. 

*  Poggend.  Annal.,  107,  605. 
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Schneider  himself  effected  the  combustion  of  manganous 
oxalate  with  oxide  of  copper.  The  salt  was  not  absolutely 
dry,  so  that  it  was  necessary  to  collect  both  water  and  car- 
bon dioxide.  Then,  upon  deducting  the  weight  of  water 
from  that  of  the  original  material,  the  weight  of  anhydrous 
oxalate  was  easily  ascertained.  Subtracting  from  this  the 
CO,,  we  get  the  weight  of  Mn.  If  we  put  CO,  =  100,  the 
quantities  of  manganese  equivalent  to  it  will  be  found  in 
the  last  column : 

1.5075  grm.  oxalate  gave  .306  gnn.  H,0  and  .7445  gnn.  CO,.  61.3835 

2.253  "  -4555  "  i"35        "  61.4291 

3.1935  "  .652  «  1.5745        "  61.4163 

5.073  "  1.028  "  2.507  "  61.3482 

Mean,  61.3943,^.0122 

Hence  Mn  =  53.904,  ±  .014. 

This  result  agrees  beautifully  with  the  value  calculated 
from  Rawack's  experiments. 

Now  to  combine  the  four  independent  values  which  we 
have  thus  far  obtained : 

From  MnCl, Mn  =  54.858,  ±  .031 


MnSO^ 

MnjO^ 

MnCjO^ 


General  mean. 
If  0  =  I6-.- 


=  54. 785*  i  .031 
=  53-9".  db  .026 
=  53'904>  d=  .014 

=  54.128,  ±  .011 
=  54.251 


The  considerations  already  cited,  however,  go  to  show 
that  this  general  mean  must  be  slightly  affected  by  some 
plus  constant^ error.  It  is  probable,  therefore,  that  a  more 
correct  figure  will  result  from  rejecting  the  first  and  second 
values  in  the  above  ^combination,  and  taking  the  data  fur- 
nished by  Rawack  and  Schneider  alone.  Combining  their 
figures,  we  get  as  follows.  Mn  =  53.906,  ±  .012.  Or,  if 
0  =  16,  Mn  =  54.029. 

Since  the  foregoing  calculations  were  made  Dewar  and 
Scott*  have  reported  the  following  experiments.    From  the 

*  Nature,  Sept.  15,  1881,  p.  470. 
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complete  analysis  of  silver  permanganate,  putting  Ag  =  108 
and  0  =  16,  they  find  in  three  estimations  Mn  =  55.51 , 
54.04,  and  54.45.  From  the  analysis  of  pure  MnOj,  made 
from  the  nitrate,  Mn  =  53.3  to  53.6.  Up  to  the  date  of 
writing  a  detailed  account  of  the  methods  employed  has 
not  been  published. 


IRON. 


The  atomic  weight  of  iron  has  been  determined  almost 
exclusively  from  the  composition  of  ferric  oxide.  Beyond 
this  there  are  only  a  few  comparatively  unimportant  ex- 
periments by  Dumas  relative  to  ferrous  and  ferric  chlorides. 

Most  of  the  earlier  data  relative  to  the  percentage  of  metal 
and  oxygen  in  ferric  oxide  we  may  reject  at  once,  as  set 
aside  by  later  investigations.  Among  this  no  longer  valua- 
ble material  there  is  a  series  of  experiments  by  Berzelius, 
another  by  Dobereiner,  and  a  third  by  Capitaine.  The 
work  done  by  Stromeyer  and  by  Wackenroder  was  probably 
good,  but  I  am  unable  to  find  its  details.  The  former  found 
30.15  per  cent,  of  oxygen  in  the  oxide  under  consideration, 
while  Wackenroder  obtained  figures  ranging  from  a  mini- 
mum of  30.01  to  a  maximum  of  30.38  per  cent.* 

In  1844  Berzelius  t  published  two  determinations  of  the 
ratio  in  question.  He  oxidized  iron  by  means  of  nitric  acid, 
and  weighed  the  oxide  thus  formed.  He  thus  found  that 
when  0  =  100  Fe  =  350.27  and  350.369. 

Hence  the  following  percentages  of  Fe  in  FejOj. 

70.018 
70.022 

Mean,  70.020,  dr  .0013 

About  the  same  time  Svanberg  and  Norlin  X  published 

*  For  additional  details  concerning  these  earlier  papers  I  must  refer  to  Oude- 
mans'  monograph,  pp.  140,  141. 
t  Ann.  Chem.  Pharm.,  50,  432.     Berz.  Jahresb.,  25,  43. 
X  Berzelius'  Jahresbericht,  25,  42. 
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two  elaborate  series  of  experiments;  one  relating  to  the 
synthesis  of  ferric  oxide,  the  other  to  its  reduction.  In  the 
first  set  pure  piano-forte  wire  was  oxidized  by  nitric  acid, 
and  the  amount  of  oxide  thus  formed  was  determined.  The 
results  were  as  follows  : 

1.5257  grm.  Fegave  2.1803  gnn.  Fefiy       69.977  percent.  Fe. 

2.4051  "  3-4390  "  69.936 

2.3212  "  3-3194  "  69.928          " 

232175  "  3-3183  **  69.968 

2.2772  "  3-2550  "  69.960          " 

2.4782  «*  3.5418  "  69.970          " 

2.3582  "  33720  «*  69.935 


Mean,  69.9534,  db  .0050 

In  the  second  series  ferric  oxide  was  reduced  by  ignition 
in  a  current  of  hydrogen,  yielding  the  subjoined  percentages 
of  metal : 


2.98353 

grm. 

Fe,0, 

gave 

2.08915  grm. 

Fe. 

70.025  per  < 

2.4I5I5 

" 

1. 6910 

" 

70.015   " 

2.99175 

it 

2.09455 

« 

70.014   " 

3-5783 

u 

2.505925 

«i 

70.030   « 

4.1922 

n 

2.9375 

<« 

70.072   " 

3.IOI5 

ft 

2.17275 

« 

70.056   " 

2.6886 

« 

1.88305 

ft 

70.036   " 

Mean,  70.0354,  db  .0055 

It  is  evident  that  one  or  both  of  these  series  must  be 
vitiated  by  constant  errors,  and  that  these  probably  arise 
from  impurities  in  the  materials  employed.  Impurities  in 
the  wire  taken  for  the  oxidation  series  could  hardly  have 
been  altogether  avoided,  and  in  the  reduction  series  it  is 
possible  that  weighable  traces  of  hydrogen  may  have  been 
retained  by  the  iron.  At  all  events  it  is  probable  that  the 
errors  of  both  series  are  in  contrary  directions,  and,  there- 
fore, in  some  measure  compensatory. 

In  1844  there  was  also  published  an  important  paper  by 
Erdmann  and  Marchand.*  These  chemists  prepared  ferric 
oxide  by  the  ignition  of  pure  ferrous  oxalate,  and  submitted 

♦  Joum.  fUr  Prakt.  Chem.,  33,  i. 
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it  to  reduction  in  a  stream  of  hydrogen.  Two  sets  of  results 
were  obtained  with  two  different  samples  of  ferrous  oxalate, 
prepared  by  two  different  methods.  For  present  purposes, 
however,  it  is  not  necessary  to  discuss  these  sets  separately. 
The  percentages  of  iron  in  Fe^O,  come  out  as  follows  : 


70.013 
69.962 
69.979 
70.030 
69.977 
70.044 
70.015 
70.055 


fA. 


B. 


Mean,  70.0094,  ±  .0080 

In  1850  Maumen^'s*  results  appeared.  He  dissolved  pur© 
iron  wire  in  aqua  regia,  precipitated  with  ammonia,  filtered 
off  the  precipitate,  washed  thoroughly,  ignited,  and  weighed, 
after  the  usual  methods  of  quantitative  analysis.  The  per- 
centages of  Fe  in  Fefi^  are  given  in  the  third  column : 

1.482  gnn.  Fe  gave  2. 117  grm.  Fe,0,.  70.005  per  cent, 

1.452  "  2.074  "  70.010 

1.3585  "  I-94I  "  69.990 

1.420  "  2.0285         "  70.002 

1.492  "  2.1315         "  69.998 

1.554  "  2.220  "  70.000 


Mean,  70.0008,  d=  .0019 

Two  more  results,  obtained  by  Rivotf  through  the  reduc- 
tion of  ferric  oxide  in  hydrogen,  remain  to  be  noticed.  The 
percentages  are : 

69.31 

69.35 


Mean,  69.33,  ±  .013 

We  have  thus  before  us  six  series  of  results,  which  w© 
may  now  combine. 

*Compt.  Rend.,  Oct.  17,  1850. 

t  Ann.  Chem.  Phann.,  78,  214.     1851. 
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Berzelius 70.020,    dz  .0013 

Erdmann  and  Marchand 70.0094,  d=  .0080 

Svanberg  and  Norlin,  Oxyd. 69.9534,  ±  .0050 

"  Reduc.  ,__  70.0354,  zb  .0055 

Maumen6 70.0008,  db  .0019 

Rivot 69.33,      ±:  .013 

General  mean 70.0075,  ±  .0010 

From  this  we  get  Fe  =  55.891,  dz  .012 ;  or,  if  0  =  16, 
this  becomes  56.0195. 

Dumas'*  results,  obtained  from  the  chlorides  of  iron,  are 
of  so  little  weight  that  they  might  safely  be  omitted  from 
our  present  discussion.  For  the  sake  of  completeness,  how- 
ever, we  will  include  them. 

Pure  ferrous  chloride,  ignited  in  a  stream  of  hydrochloric 
acid  gas,  was  dissolved  in  water  and  titrated  with  a  silver 
solution  in  the  usual  way.  One  hundred  parts  of  silver  are 
equivalent  to  the  amounts  of  FeCl,  given  in  the  third 
column : 

3.677  grm.  FeCl,  =  6.238  grm.  Ag.  5^.945 

3.924  "  =  6.67s        "  58.787 

Mean,  58.866,  dh  .053 

Ferric  chloride,  titrated  in  the  same  way,  gave  these  re- 
sults : 

1. 179  grm.  FcjCl,  =  2.3475  grm.  Ag.  50.224 

1.242  "  2.471  "  50.263 

Mean,  50.2435,  ±  .0132 

These  give  us  two  additional  values  for  Fe,  as  follows  : 

From  FeCl, Fe  =  56.028,  zb  .119 

"     FcjCl, "  =  56.189,  ±  .062 

Combining  these  with  the  value  deduced  from  the  com- 
position of  FcjOg,  Fe  =  55.891,  dz  .012,  we  get  this  general 
mean,  Fe  =  55.913,  ±  .012.  If  O  =  16,  this  becomes  Fe  = 
56.042. 


*Ann.  Chem.  Pharm.,  113.  26,     i860. 
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COPPER. 

The  atomic  weight  of  copper  has  been  chiefly  determined 
from  the  composition  of  the  black  oxide  and  the  anhydrous 
sulphate.  In  dealing  with  the  first  named  compound  all 
experimenters  have  agreed  in  reducing  it  with  a  current  of 
hydrogen,  and  weighing  the  metal  thus  set  free. 

The  earliest  experiments  of  any  value  were  those  of  Ber- 
zelius,*  whose  results  were  as  follows : 

7.6S075  grm.  CuO  lost  1.55  grm.  O.  79.820  per  cent.  Cu  in  CuO. 

9.61 15  «*  1.939     "  79.826  "  " 


Mean,  79.823,  d=  .002 

Erdmann  and  Marchand,t  who  come  next  in  chronologi- 
cal order,  corrected  their  results  for  weighing  in  air.  Their 
weighings,  thus  corrected,  give  us  the  subjoined  percentages 
of  metal  in  CuO :  , 


63.8962  grm.  CuO  gave  51.0391  grm.  Cu. 

79.878  per  cent. 

65- 1590              "              52.0363 

79.860      " 

60.2878              "              48.1540        " 

79.874      " 

46.2700              "              36.9449        " 

79.846      " 

Mean,  79.8645,  it:  .0038 

Still  later  we  find  a  few  analyses  by  Millon  and  Com- 
maille.t  These  chemists  not  only  reduced  the  oxide  by 
hydrogen,  but  they  also  weighed,  in  addition  to  the  metallic 
copper,  the  water  formed  in  the  experiments.  In  three  de- 
tenninations  the  results  were  as  follows  : 

6.7145  grm.  CuO  gave  5.3565  grm.  Cu  and  1.5325  grm.  H,0.  79.775  per  cent. 
3.3945  «  2.7085  "  .7680        "  79.791       " 

2.7880  '*  2.2240  grm.  Cu.  79.770      " 

Mean,  79.7787.  ±  0043 

For  the  third  of  these  analyses  the  water  estimation  was 
not  made,  but  for  the  other  two  it  yielded  results  which,  in 

*  Poggend.  Annal.,  8,  177. 

t  Joum.  fiir  Prakt.  Chem.,  31,  389.     1844. 

I  Fresenius'  Zeitschrift,  2,  475.     1863. 
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the  mean,  would  make  the  atomic  weight  of  copper  63.087, 
±:  .222.  This  figure  has  so  high  a  probable  error  that  we 
need  not  consider  it  further. 

The  results  obtained  by  Dumas*  are  wholly  unavailable. 
Indeed,  he  does  not  even  publish  them  in  detail.  He  merely 
says  that  he  reduced  copper  oxide,  and  also  effected  the 
synthesis  of  the  subsulphide,  but  without  getting  figures 
which  were  wholly  concordant.    He  puts  Cu  =  63.5. 

Latest  of  all,  and  probably  the  best  also,  we  have  the  de- 
terminations by  Hampe.t  First,  he  attempted  to  estimate 
the  atomic  weight  of  copper  by  the  quantity  of  silver  which 
the  pure  metal  could  precipitate  from  its  solutions.  This 
attempt  failed  to  give  satisfactory  results,  and  he  fell  back 
upon  the  old  method  of  reducing  the  oxide.  From  ten  to 
twenty  grammes  of  material  were  taken  in  each  experiment, 
and  the  weights  were  reduced  to  a  vacuum  standard : 

20.3260  grm.  CuO  gave  16.2279  g"^-  Cu.         79.838  per  cent. 
20.68851  •*  16.51669      "  79835       ** 

10.10793  "  8.06926      "  79-831       " 

Mean,  79-8347»  db  .0013 

Hampe  also  determined  the  quantity  of  copper  in  the 
anhydrous  sulphate,  CuSO^ .  From  40  to  45  grammes  of  the 
salt  were  taken  at  a  time,  the  metal  was  thrown  down  by 
electrolysis,  and  the  weights  were  all  corrected.  I  subjoin 
the  results : 

40.40300  grm.  CUSO4  gave  16.04958  grm.  Cu.     39.724  per  cent. 
44.64280  "  1773466        "  39726      " 

Mean,  39.725,  db  .0007 

We  now  have  four  series  of  experiments  upon  copper 
oxide,  as  follows : 

Berzelius T 79.823,    ±  .0020 

Erdmannand  Marchand 79-8645,  ±  .0038 

Millon  and  Commaille 79-7787,  dz  .0043 

Hampe 79-8347»  =b  .6013 

General  mean 79-830,    ±.0010 

*  Ann.  d.  Chim.  et  Phys.,  (3,)  55,  129. 
fFresenius*  Zeitschrift,  13,  352. 
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For  copper  we  have — 

From  composition  of  CuO Cu  =  63.181,  d=  .036 

"     CUSO4,  (Hampe) ••  =  63.171,  d=  .012 

General  mean.. "  =  63.173,  d=  .011 

If  0  =  16,  then  Cu  becomes  =  63.318. 

The  close  agreement  between  the  two  independent  values 
for  Cu  is  certainly  very  striking.  It  will  be  seen  that 
Hampers  two  estimates  upon  the  sulphate  carry  (perhaps 
accidentally)  much  greater  weight  than  all  the  experiments 
upon  the  oxide.  This  might  seem  like  giving  them  undue 
credit,  were  it  not  for  the  fact  of  the  remarkable  concordance 
of  the  results  above  referred  to.  Either  estimate  for  Cu 
would  be  valid  without  the  other. 


MOLYBDENUM. 

If  we  leave  out  of  account  the  inaccurate  determination 
made  by  Berzelius,*  we  shall  find  that  the  data  for  the 
atomic  weight  of  molybdenum  lead  to  two  independent  esti- 
mates of  its  value ;  one  near  92,  the  other  near  96.  The 
earlier  results  found  by  Berlin  and  by  Svanberg  and  Struve 
lead  to  the  lower  number ;  the  more  recent  work  of  Debray, 
Duinas,  and  Lothar  Meyer  sustains  the  higher.  The  latter 
value  is  the  more  probable^  although  both  may  be  vitiated 
by  constant  errors  in  opposite  directions. 

The  earliest  investigation  which  we  need  especially  to 
consider  is  that  of  Svanberg  and  Struvaf  These  chemists 
tried  a  variety  of  different  methods,  but  finally  based  their 
conclusions  upon  the  two  following:  first,  molybdenum 
trioxide  was  fused  with  potassium  carbonate,  and  the  car- 
bon dioxide  which  was  expelled  was  estimated ;  secondly, 
molybdenum  disulphide  was  converted  into  the  trioxide  by 

*  Poggend.  Annal.,  8,  i.  1826. 

t  Jonm.  fiir  Prakt.  Chem.,  44,  301.     1848. 
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roasting,  and  the  ratio  between  the  weights  of  the  two  sub- 
stances was  determined. 

By  the  first  method  it  was  found  that  100  parts  of  MoO, 
will  expel  the  following  quantities  of  COg : 

31.4954 
31.3749 
31.4705 


Mean,  31.4469,  db  .0248 

The  carbon  dioxide  was  determined  simply  from  the  loss 
of  weight  when  the  weighed  quantities  of  trioxide  and  car- 
bonate were  fused  together.  It  is  plain  that  if,  under  these 
circumstances,  a  little  of  the  trioxide  should  be  volatilized, 
the  total  loss  of  weight  would  be  slightly  increased.  A  con- 
stant error  of  this  kind  would  tend  to  bring  out  the  atomic 
weight  of  molybdenum  too  low. 

By  the  second  method,  the  conversion  by  roasting  of  MoS, 
into  MoOg,  Svanberg  and  Struve  obtained  these  results. 
Two  samples  of  artificial  disulphide  were  taken,  A  and  B^ 
and  yielded  for  each  hundred  parts  the  following  of  trioxide: 

89.7919  1  ^ 
89.7291  J 

89.6436 
89.7082 

89.7660  |-B. 

89.7640 
89.863s 


Mean,  89.7523,  =b  .0176 

Three  other  experiments  in  series  B  gave  divergent  re- 
sults, and,  although  published,  are  rejected  by  the  authors 
themselves.  Hence  it  is  not  necessary  to  cite  them  in  this 
discussion.  We  again  encounter  in  these  figures  the  same 
source  of  constant  error  which  apparently  vitiates  the  pre- 
ceding series,  namely,  the  possible  volatilization  of  the 
trioxide.  Here,  also,  such  an  error  would  tend  to  reduce 
the  atomic  weight  of  molybdenum. 

Upon  discussing  the  data  given  in  the  foregoing  para- 
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graphs  we  get  somewhat  noticeable  results.  From  the  car- 
bon dioxide  series,  Mo  =  91.711,  ib  .113,  a  figure  having  no 
unusual  interest.  From  the  other  series,  if  S  =  31.987  and 
O  =  15.9633,  we  get  Mo  =  92.979,  ±  .354;  but  if  we  take 
S  =  32  and  0  =  16,  then  Mo  becomes  =  92.133.  In  this 
case  the  higher  values  for  oxygen  and  sulphur  lead  to  a 
lower  number  for  molybdenum.  In  the  carbonate  series 
the  assumption  of  12  and  16  for  C  and  0,  respectively,  makes 
Mo  =  92.033.  In  other  words,  if  we  assume  the  ordinary 
even  numbers  for  C,  0,  and  S,  Svanberg  and  Struve's  two 
methods  yield  more  nearly  concordant  results  than  when 
the  revised  values  for  these  elements  are  taken. 

Berlin,*  a  little  later  than  Svanberg  and  Struve,  deter- 
mined the  atomic  weight  of  molybdenum  by  igniting  a 
molybdate  of  ammonium  and  weighing  the  residual  MoOg. 
Here,  again,  a  loss  of  the  latter  by  volatilization  may  (and 
probably  does)  lead  to  too  low  a  result.  The  salt  used  was 
(NH4)4Mo50i ,.  3  HjO,  and  in  it  these  percentages  of  M0O3 
were  found : 

81.598 

81.612 

81.558 

81.555 


Mean,  81.581,  ±  .0095 

Hence  Mo  =  91.9817,  di  .0776 ;  a  result  agreeing  quite 
well  with  those  of  Svanberg  and  Struve. 

Until  1859  the  value  92  was  generally  accepted  on  the 
basis  of  the  foregoing  researches,  but  in  this  year  Dumas  f 
published  some  figures  tending  to  sustain  a  higher  number. 
He  prepared  molybdenum  trioxide  by  roasting  the  disulph- 
ide,  and  then  reduced  it  to  metal  by  ignition  in  hydrogen. 
At  the  beginning  the  hydrogen  was  allowed  to  act  at  a 
comparatively  low  temperature,  in  order  to  avoid  volatiliza- 
tion of  trioxide ;  but  at  the  end  of  the  operation  the  heat 


*  Journ.  filr  Prakt.  Chem.,49,  444'     '850. 
t  Ann.  Chem.  Pharm.,  105,  84,  and  113,  23. 
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was  raised  sufficiently  to  insure  a  complete  reduction.    From 
the  weighings  I  calculate  the  percentages  of  metal  in  MoO, : 

.448  gnn.  MoO,  gave  .299  gnn.  Mo.  66.741  per  cent. 


.484 

tt 

.323 

tt 

66.736 

.484 

tt 

.322 

t€ 

66.529 

.498 

ti 

.332 

tt 

66.667 

•S59 

it 

•373 

tt 

66.726 

.388 

it 

.258 

tt 

Mean 

66.495 

66.649, 

±.030 

In  1868  the  same  method  was  employed  by  Debray.*  His 
trioxide  was  purified  by  sublimation  in  a  platinum  tube. 
His  percentages  are  as  follows  : 

5.514  grm.  MoO,  gave  3.667  grm.  Mo.  66.503  per  cent. 

7.910  "  5.265        "  66.561       " 

9.031  "  6.015        "  66.604      " 

Mean,  66.556,  rb  .020 

This  mean,  combined  with  that  of  Dumas',  gives  a  gen- 
eral mean  of  66.585,  ±  .017. 
Hence  Mo  =  95.429,  ±  .057. 

Debray  also  made  two  experiments  upon  the  precipitation 
of  molybdenum  trioxide  in  ammoniacal  solution  by  nitrate 
of  silver.  In  his  results,  as  published,  there  is  curious  dis- 
crepancy, which,  I  have  no  doubt,  is  due  to  typographical 
error.  These  results  I  am,  therefore,  compelled  to  leave  out 
of  consideration.  They  could  not,  however,  exert  a  very 
profound  influence  upon  the  final  discussion. 

The  most  recent  investigation  upon  the  atomic  weight  of 
molybdenum  is  the  discussion  by  Lothar  Meyer  f  of  the 
experimental  results  obtained  by  Liechti  and  Kemp  J  in 
their  analyses  of  the  chlorides.  Of  these  compounds  there 
are  four:  MoCl,,  MoClg,  MoCl^,  and  M0CI5.  The  chlorine  in 
each  was  estimated  as  silver  chloride,*  and  the  molybdenum 
as  disulphide.    From  these  analyses  Meyer  deduces  three 

*  Compt.  Rend.,  66,  734. 

t  Ann.  Chem.  Pharm.,  169,  365.     1873. 

J  Ann.  Chem.  Pharm.,  169,  344. 
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sets  of  ratios,  namely:  between  MoCln  and  n  AgCl ;  between 
MoCln  and  MoS,,  and  between  MoSj  and  n  AgCl.  We  will 
use  only  the  first  and  last  of  these ;  the  probable  error  of 
the  atomic  weight  deduced  from  the  second  being  relatively 
so  high  as  to  make  the  value  connected  with  it  compara- 
tively unimportant.  The  analyses  of  the  trichloride,  being 
discordant,  are  here  rejected. 

By  reducing  the  weighings  published  by  Ldechti  and 
Kemp*  to  a  common  standard  we  get  the  following  per- 
centage results.  In  MoClj  the  subjoined  quantities  of  the 
original  substance  and  of  MoS,  correspond  to  100  parts,  of 
AgCl: 

AfoC/^.  MoS^. 

58.299  55.762 

58194  5SS9I 

58.524  56.065 


Mean,  58.339.  ±  .066  Mean,  55.806,  rfc  .093 

Hence  MoCl,  =  166.902,  ±  .188,  and  MoS,  =  159.652, 

±  .268. 

With  the  tetrachloride  similarly  calculated  we  get  these 
figures,  corresponding  to  100  parts  AgCl : 

MoCl^.  MoS^. 

41.492  27.957 

41.319 


Mean,  4i.4055»  ±  -0583 

Hence  MoCl^  =  236.914,  ±  .358,  and  MoS,,  if  given  the 
weight  of  a  single  experiment  in  the  dichloride  series, 
=  159.964,  ±  .627. 


*  These  are  as  follows : 

.2666  grm.  MoCl,  gave  .2550  gnn.  MoS,  and  .4573  gnn.  AgP. 

.1811                "  .1730  «  .3112 

.2530                "  .2422  "  .4320 

.4126  gnn.  M0CI4  gave  .2780  "  -9944 

.1923                "                 "  .4654 

.5810  grm.  MoClg  gave  .3414  "  1.5222 

.2466               **  .1441  **  .6465 
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For  the  pentachloride  the  following  quantities  balance 
lOOofAgCl: 

38.168  22.428 

38.057  22.289 

Mean,  38.112,  db  .038  Mean,  22.3585,  =h  .040 

Hence  Moa^  =  272.587,  dr  .271,  and  MoS,  =  159.914, 

±:  .287. 

We  have  now  the  molecular  weight  of  each  chloride,  and 
three  values  for  that  of  the  disulphide.  Combining  the  lat- 
ter we  get  a  general  mean,  as  follows : 

From  MoCIj  series MoS,  =  159.652,  it  .268 

"     M0CI4     "     **     =  159.964,  di  .627 

"     M0CI5     "     "     =  I59-9I4»  :!=  .287 

General  mean "     =  159.790,  ±  .187 

With  these  data,  in  addition  to  those  given  by  Dumas 
and  by  Debray,  we  get  five  estimates  of  the  atomic  weight 
of  molybdenum : 

Dumas  and  Debray's  data Mo  =  95.429,  di  .057 

From  molecular  weight  of  MoCl, **    -=  96.262,  zb  .190 

MoCl^ "    =95.434,^.363 

M0CI5 "    =  95-737»  ±  -280 

MoS, "    =  95.816,  ±:  .188 

General  mean "    =  95.527,  ±  .051 

Or,  if  0  =  16,  Mo  =  95.747. 

It  will  at  once  be  seen  that  the  most  reliable  results  are 
those  obtained  by  the  reduction  of  molybdenum  trioxide. 
Traces  of  oxychlorides  may  possibly  have  contaminated  the 
chlorides  and  augmented  their  atomic  weight.  Our  final 
figure,  therefore,  may  be  a  trifle  too  high,  but  the  early 
value,  92,  is  unquestionably  very  far  too  low. 

Since  the  foregoing  discussion  was  written  a  single  experi- 
ment by  Rammelsberg  *  has  been  brought  to  my  n6tice. 

*  Berlin  Monatsbericht,  1877,  574. 
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Closely  following  Dumas'  method,  he  reduced  molybdenum 
trioxide  to  metal,  finding  in  it  66.708  per  cent,  of  the  latter. 
This  figure  comes  within  the  limits  of  variation  of  Dumas' 
experiments,  and  therefore  gives  them  additional  confirma- 
tion. Its  introduction  into  the  general  mean,  however, 
would  exert  too  little  influence  upon  the  latter  to  justify  the 
labor  of  recalculation. 


TUNGSTEN. 


The  atomic  weight  of  tungsten  has  been  determined  firom 
analyses  of  the  trioxide,  the  hexchloride,  and  the  tungstates 
of  iron,  silver,  and  barium. 

The  composition  of  the  trioxide  has  been  the  subject  of 
many  investigations.  Malaguti  *  reduced  this  substance  to 
the  blue  oxide,  and  firom  the  difference  between  the  weights 
of  the  two  compounds  obtained  a  result  now  known  to  be 
considerably  too  high.  In  general,  however,  the  method  of 
investigation  has  been  to  reduce  WOg  to  W  in  a  stream  of 
hydrogen  at  a  white  heat,  and  aften\'ards  to  reoxidize  the 
metal,  thus  getting  from  one  sample  of  material  two  results 
for  the  percentage  of  tungsten.  This  method  is  unquestion- 
ably accurate,  provided  that  the  trioxide  used  be  pure. 

The  first  experiments  which  we  need  consider  are,  as 
usual,  those  of  Berzelius.f  899  parts  WO  3  gave,  on  reduc- 
tion, 716  of  metal.  676  of  metal,  reoxidized,  gave  846  WOg. 
Hence  these  percentages  of  W  in  WO  3 : 

79.644,  by  reduction. 
79.905,  by  oxidation. 

Mean,  79-7745.  ±  -o^So 

These  figures  are  far  too  high,  the  error  being  undoubt- 
edly due  to  the  presence  of  alkaline  impurity  in  the  trioxide 
employed. 

*  Joum.  filr  Prakt  Chem.,  8,  179.     1836. 
t  Poggend.  Annal.,  8,  i.     1826. 
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Next  in  order  of  time  comes  the  work  of  Schneider,*  who, 
with  characteristic  carefolness,  took  every  precaution  to  get 
pure  material.    His  percentages  of  tungsten  are  as  follows : 

Reduction  Series. 
79.336 
79.254 
79.312 
79.326 

79.350 


Mean,  79.3156,  rfc  .0112 

Oxidation  Series, 
79.329 
79.324 
79.328 


Mean,  79.327,  ±  .0010 

Closely  agreeing  with  these  figures  are  those  of  Marchand.** 
published  in  the  following  year : 

Reduction  Series, 

79.307 
79.302 

Mean,  79'3<H5.  •a>i7 

Oxidation  Series, 

79.321 

79.352 


Mean,  79. 3365.  =fc  -0105 

The  figures  obtained  by  v.  BorchJ  agree  in  mean  tolerably 
well  with  the  foregoing.    They  are  as  follows : 

Reduction  Series. 
0  79.310 

79.212 
79.289 

79.313 
79.225 
79.29* 
79.302 


Mean,  79.277,  db  .0106 


*  Joum.  fttr  Prakt.  Chem.,  50,  152.     1850. 
t  Ann.  Chem.  Pharm.,  77,  261.     1851. 
j  Journ.  filr  Prakt.  Chem.,  54,  254.     1851. 
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Oxidation  Series, 
79.359 
79-339 


Mean,  79.349,  ±  .0067 

Dumas  *  gives  only  a  reduction  series,  based  upon  trioxide 
obtained  by  the  ignition  of  a  pure  ammonium  tungsten. 
The  reduction  was  eflfected  in  a  porcelain  boat,  platinum 
being  objectionable  on  account  of  the  tendency  of  tungstate 
to  alloy  with  it.  Dumas  publishes  only  weighings,  from 
which  I  have  calculated  the  percentages : 


2.784  gnn.  WOj  gave  2.208  grm.  W. 


2.994 

4.600 

.985 

.917 

.917 

I.7I7 

2.988 


2.373 

3.649 

.781 

.727 

.728 

1.362 

2.370 


79.310  per  cent. 

79.259 
79.326 
79.289 
79.280 
79.389 
79.324 
793^7 


Mean,  79.312,  ±.  .009 


The  data  furnished  by  Bernoullif  differ  widely  from  those 
just  given.  This  chemist  undoubtedly  worked  with  impure 
material,  the  trioxide  having  a  greenish  tinge.  Hence  the 
results  are  too  high.    These  are  the  percentages  of  W : 

Reduction  Series, 
79.556 
79.526 
79.553 
79.558 
79.549 
78.736 

Mean,  79.413*  =fc  .091 

Oxidation  Series, 
,        79.558 

79.656 

79.555 

79.554 


Js  an,  79.581,  ±  .017 


10 


*  Ann.  Chem.  Pharm.,  113,  23.     i860, 
f  Poggend.  Annal.,  iii,  573.     i860. 
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Two  reduction  experiments  by  Persoz  *  give  the  following 
results : 

1.7999  gr™.  wo,  gave  1.4274  grm.  W.  79* 304  per  cent 

2.249  "  1-784  "  79*324      " 

Mean,  79.314,  d=  .007 

Finally,  we  have  the  work  done  by  Roscoe.f  This  chem- 
ist used  a  porcelain  boat  and  tube,  and  made  six  weighings, 
after  successive  reductions  and  oxidations,  with  the  same 
sample  of  7.884  grammes  of  trioxide.  These  weighings 
give  me  the  following  five  percentages,  which,  for  the  sake 
of  uniformity  with  foregoing  series,  I  have  classified  under 
the  usual,  separate  headings : 

Reduction  Series, 
79.196 
79.285 
79.308 

Mean,  79.263,  ±  .023 

N  Oxidation  Series. 

79.230 
79.299 

Mean,  79.2645,  dr  .0233 

There  are  still  other  experiments  by  Riche,^  which  I  have 
not  been  able  to  get  in  detail.  They  cannot  be  of  any  value, 
however,  for  they  give  to  tungsten  an  atomic  weight  of  about 
ten  units  too  low.  We  may  therefore  neglect  this  series, 
and  go  on  to  combine  the  others : 

Berzelius 79-7745.  ±  .088 

Schneider,  Reduction 79.3156,^.0112 

"         Oxidation 79-327,    ±.0010 

Marchand,  Reduction '79-3045,  ±  .0017 

"         Oxidation 79-3365,  d=  .0105 

V.  Borch,  Reduction 79-277,    ±  .0106 

"        Oxidation 79-349»    it  .0067 

*Zeit.  Anal.  Chem.,  3,. 260.     1864. 

t  Ann.  Chem,  Phann.,  162,  368.     1872. 

X  Joum.  fUr  Prakt.  Chem.,  69,  10.     1857. 
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Dumas 79-312,    ±  .009 

Bernouilli,  Reduction 79-4i3»    dz  .091 

"  Oxidation 79-58i,    ±.017 

Persoz 79-3M,    ±  .007 

Roscoe,  Reduction 79.263,    ±  .023 

"       Oxidation 79-2645,  ±  .0233 

General  mean 79-3215,  db  .cxx>85 

The  rejection  of  the  figures  given  by  Berzelius  and  by 
Bernoulli  exerts  an  unimportant  influence  upon  the  final 
result.  There  is,  therefore,  no  practical  objection  to  retain- 
ing them  in  the  discussion. 

In  1861  Scheibler*  deduced  the  atomic  weight  of  tungsten 
from  analyses  of  barium  metatungstate,Ba0.4W08.9H20. 
In  four  experiments  he  estimated  the  barium  as  sulphate^ 
getting  closely  concordant  results,  which  were,  however,  very 
far  too  low.  These,  therefore,  are  rejected.  But  from  the 
percentage  of  water  in  the  salt  a  very  good  result  was 
attained.    The  percentages  of  water  are  as  follows  : 

13-053 
13054 
13-045 
13.010 
13.022 

Mean,  13.0368,  d:  .0060 

The  work  of  Zettnow,t  published  in  1867,  was  somewhat 
more  complicated  than  any  of  the  foregoing  researches.  He 
prepared  the  pure  tungstates  of  silver  and  of  iron,  and  from 
their  composition  determined  the  atomic  weight  of  tungsten. 

In  the  cfase  of  the  iron  salt  the  method  of  working  was 
this:  The  pure,  artificial  FeWO^  was  fused  with  sodium 
carbonate,  the  resulting  sodium  tungstate  was  extracted  by 
water,  and  the  thoroughly  washed,  residual  ferric  oxide  was 
dissolved  in  hydrochloric  acid.  This  solution  was  then  re- 
duced by  zinc,  and  titrated  for  iron  with  potassium  perman- 
ganate.   Corrections  were  applied  for  the  drop  in  excess  of 

♦  Joum.  fiir  Prakt.  Chemt,  Ss,  324. 
fPoggend.  Annal..  130,  30. 
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permanganate  needed  to  produce  distinct  reddening,  and 
for  the  iron  contained  in  the  zinc.  11.956  grammes  of  the 
latter  metal  contained  iron  corresponding  to  0.6  cc.  of  the 
standard  solution.  The  permanganate  was  standardized 
by  comparison  with  pure  ammonium-ferrous  sulphate, 
Am2Fe(S04)2.  6  HjO,  so  that,  in  point  of  fact,  Zettnow  es- 
tablishes directly  only  the  ratio  between  that  salt  and  the 
ferrous  tungstate.  From  Zettnow's  four  experiments  in 
standardizing  I  find  that  1  cc.  of  his  solution  corresponds  to 
0.0365457  grammes  of  the  double  sulphate,  with  a  probable 
error  of  ±:  .0000012. 

Three  sets  of  titrations  were  made.  In  the  first  a  quantity 
of  ferrous  tungstate  was  treated  according  to  the  process 
given  above ;  the  iron  solution  was  diluted  to  500  cc.,  and 
four  titrations  made  upon  100  cc.  at  a  time.  The  second 
set  was  like  the  first,  except  that  three  titrations  were  made 
with  100  cc.  each,  and  a  fourth  upon  150  cc.  In  the  third 
set  the  iron  solution  was  diluted  to  300  cc,  and  only  two 
titrations  upon  100  cc.  each  were  made.  In  sets  one  and 
two  thirty  grammes  of  zinc  were  used  for  the  reduction  of 
each,  while  in  number  three  but  twenty  grammes  were  taken. 
Zettnow's  figures,  as  given  by  him,  are  quite  complicated ; 
therefore  I  have  reduced  them  to  a  common  standard.  After 
applying  all  corrections  the  following  quantities  of  tung- 
state, in  grammes,  correspond  to  1  cc.  of  permanganate 
solution : 

.028301 

.028291 

.028311 

.028301 

.028367  ■ 

.028368 

.028367  j- Second  set. 
.028367 

.028438  I  Third  set. 
.028438  i 

Mean,  .0283549,  db  .0000115 

With  the  silver  tungstate,  Ag,WO^,  Zettnow  employed 
two  methods.    In  two  experiments  the  substance  was  de- 


-  First  set. 
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composed  by  nitric  acid,  and  the  silver  thus  taken  into  solu- 
tion was  titrated  with  standard  sodium  chloride.  In  three 
others  the  tungstate  was  treated  directly  with  common  salt, 
and  the  residual  silver  chloride  collected  and  weighed. 
Here  again,  on  account  of  some  complexity  in  Zettnow's 
figures,  I  am  compelled  to  reduce  his  data  to  a  common 
standard.  To  100  parts  of  AgCl  the  following  quantities  of 
Ag2W04  correspond: 

By  First  Method. 
161.665 
161.603 


Mean,  161.634,  db  .021 

By  Second  Method, 
161.687 
1 64.65 1 
161. 613 


Mean,  161.650,  db  .CJI4 
General  mean  from  both  series,  161.645,  =b  .012 

Finally,  we  have  two  analyses  by  Roscoe  of  tungsten  hex- 
chloride,  published  in  the  same  paper  with  his  results  upon 
the  trioxide.  In  one  experiment  the  chlorine  was  deter- 
mined as  AgCl ;  in  the  other  the  chloride  was  reduced  by 
hydrogen,  and  the  residual  tungsten  estimated.  By  bring- 
ing both  results  into  one  form  of  expression  we  have  for  the 
percentage  of  chlorine  in  WCl^ '-  * 

53.588 
53.632 


Mean,  53.610,  ±  .015 

We  have  now  five  ratios  from  which  to.  calculate  the 
atomic  weight  of  tungsten : 

(I.)  Percentage  of  W  in  WO3,  79.3215,  zb  .00085 

(2.)  Percentage  of  H,0  in  Ba0.4WO,.9HjO,  13.0368,  d=  .0060 

*  The  actual  figures  are  as  follows  : 

19.5700  grm.  Wa^gave  42.4127  grm.  AgCl. 
10.4326  "  4.8374     "     tungsten. 
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(3.)  Am,Fe(S04),.6H,0  :  FeWO^  :  :  .0365457,  db  .0000012  :  .0283549, 

'  .0000115 
(4.)  AgCl  :  AgjWO^  : :  100  :  161.645,  ±  .012 
(5.)  Percentage  of  CI  in  WCl^,  53.610,  d=  .015 

From  these  we  get  five  values  for  tungsten,  as  follows: 

From  (i) -.W=  183.703,  ±  .041 

"  (2) "  =  183.532,  dz  .156 

"  (3)— —  «  =  183.923,  zt  .120 

"  (4) "  =  183.248,  db  .069 

"  (5)— "  =  183.639,  db  .109 

General  mean "  r=  183.610,  ±  .032 

Or,  if  O  =  16,  then  "  =  184.032 


URANIUM. 


It  is  not  the  purpose  of  the  present  investigation  to  ex- 
amine at  all  systematically  such  questions  as  are  involved 
in  the  discussion  whether  the  atomic  weight  of  uranium  is 
120  or  240.  For  convenience  we  may  use  the  formute  based 
upon  the  smaller  number,  and,  if  eventually  the  larger  value 
proves  to  be  correct,  it  will  be  easy  to  double  the  figures 
which  we  obtain.  Suffice  it  to  say  here,  that  the  specific 
heat  of  the  green  oxide,  according  to  Donath,*  agrees  best 
with  the  formula  U8O4  and  the  lower  atomic  weight.  On 
the  other  hand,  the  value  240  fits  best  into  such  schemes  as 
that  given  by  MendelejeflF  in  his  paper  on  the  periodic  law. 
An  accurate  determination  of  the  specific  heat  of  the  metal 
itself  is  much  needed,  for  the  material  with  which  Regnault 
worked  was  of  uncertain  quality ;  furthermore,  the  vapor 
density  of  some  volatile  uranium  compounds  ought  to  be 
ascertained.f     Until  some  such  data  have  been   rigidly 

*Ber.  d.  Deutsch.  Chem.  Gesell.,  12,  742.     1879. 

t  The  value  of  240  for  uranium  is  strongly  sustained  by  the  recent  experiments 
of  Zimmermann  upon  the  vapor  density  of  the  tetrachlorid  and  tetrabromid.  For 
UBr^  the  vapor  density  is  19.46,  while  theory  (U  =  240)  requires  19.36.  For 
UQ4  the  V.  d.  13.33  was  found.  Theory,  13.21.  (Ber.  der  Deutsch.  Chem. 
Gesell.,  14,  s.  1934.     1881.) 
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established  the  controversy  over  the  two  rival  values  can 
hardly  be  satisfactorily  settled. 

The  earlier  attempts  to  determine  the  atomic  weight  of 
uranium  were  all  vitiated  by  the  erroneous  supposition  that 
the  uranous  oxide  was  really  the  metal.  The  supposition, 
of  course,  does  not  affect  the  weighings  and  analytical  data 
which  were  obtained,  although  these,  from  their  discordance 
with  each  other  and  with  later  and  better  results,  have  now 
only  a  historical  value. 

For  present  purposes  the  determinations  made  by  Berze- 
Uus,*  by  Arfvedson,t  and  by  Marchand,t  may  be  left  quite 
out  of  account.  Berzelius  employed  various  methods,  while 
the  others  relied  upon  estimating  the  percentage  of  oxygen 
lost  upon  the  reduction  of  U3O4  to  UO.  Rammelsberg's  || 
results  also,  although  very  suggestive,  need  no  full  discus- 
sion. He  analyzed  the  green  chloride,  UCl,;  eflfected  the 
synthesis  of  uranyl  sulphate  from  uranous  oxide ;  determined 
the  amount  of  residue  left  upon  the  ignition  of  the  sodio 
and  bario-uranic  acetates ;  estimated  the  quantity  of  mag- 
nesium uranate  formed  from  a  known,  weight  of  UO,  and 
attempted  also  to  fix  the  ratio  between  the  green  and  the 
Hack  oxides.  His  figures  vary  so  widely  that  they  could 
count  for  little  in  the  establishing  of  any  general  mean ; 
and,  moreover,  they  lead  to  estimates  of  the  atomic  weight 
which  are  mostly  below  the  true  value.  For  instance,  twelve 
lots  of  U3O4  from  several  diflferent  sources  were  reduced  to 
UO  by  heating  in  hydrogen.  The  percentages  of  loss  varied 
from  3.83  to  4.67,  the  mean  being  4.121.  These  figures  give 
values  for  the  atomic  weight  of  uranium  ranging  from  92.66 
to  117.65,  or,  in  mean,  107.50.  Such  discordance  is  due 
partly  to  impurity  in  some  of  the  material  studied,  and 
illustrates  the  difficulties  inherent  in  the  problem  to  be 
solved.    Some  of  the  uranoso-uranic  oxide  was  prepared  by 

*Schwei^.  Journ.,  22,  336.     i8i8.     Poggend.  Annal.,  I,  359.     1825. 
fPoggend.  Annal.,  I,  245.     Berz.  Jahr.,  3,  120.     1822. 
t  Joum.  fUr  Prakt.  Chem.,  23,  497.     1 841. 

II  Poggend.  Annal.,  55,  318,  1842;  56,  125,  1842;  59,  9,  1843;  66,  91,  1845, 
Joum.  fiir  Prakt.  Chem.,  29,  324. 
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calcining  the  oxalate,  and  retained  an  admixture  of  car- 
bon. Many  such  points  were  worked  up  by  Sammelsberg 
with  much  care,  so  that  his  papers  should  be  scrupulously 
studied  by  any  chemist  who  contemplates  a  redetermination 
of  the  atomic  weight  of  uranium. 

In  1841  and  1842  Peligot  published  certain  papers*  show- 
ing that  the  atomic  weight  of  uranium  must  be  somewhere 
near  120.  A  few  years  later  the  same  chemist  published 
fuller  data  concerning  the  constant  in  question,  but  in  the 
time  intervening  between  his  earlier  and  his  final  researches 
other  determinations  were  made  by  Ebelmen  and  by  Wer- 
theim.  These  investigations  we  may  properly  discuss  in 
chronological  order.  For  present  purposes  the  early  work 
of  Peligot  may  be  dismissed  as  only  preliminary  in  charac- 
ter. It  showed  that  what  had  been  previously  regarded  as 
metallic  uranium  was  in  reality  an  oxide,  but  gave  figures 
for  the  atomic  weight  of  the  metal  which  were  merely 
approximations. 

Ebelmen'sf  determinations  of  the  atomic  weight  of  urani- 
um were  based  upon  analyses  of  uranic  oxalate.  This  salt 
was  dried  at  100°,  and  then,  in  weighed  amount,  ignited  in 
hydrogen.  The  residual  uranous  oxide  was  weighed,  and 
in  some  cases  converted  into  Uff04  by  heating  in  oxygen. 
The  following  weights  are  reduced  to  a  vacuum  standard : 

10.1644  gT"™-  oxalate  gave  7.2939  grm.  UO. 


12.9985 

9.3312 

t* 

Gain 

on  oxidation,  .3685 

11.8007 

8.4690 

.3275 

9.9923 

7.1731 

««                .2812 

11.0887 

7.9610 

.3105 

10.0830 

7.2389 

6.7940 

4.8766 

16.0594  "  11.5290      "  "  .4531 

Reducing  these  figures  to  percentages,  we  may  present 
the  results  in  two  columns.  Column  A  gives  the  percentages 
of  UO  in  the  oxalate,  while  B  represents  the  amount  of 
UsO^  formed  from  100  parts  of  UO: 

*Compt.  Rend.,  12,  735.     1841.      Ann.  Chim.  Phys.,  (3.)  55.     1842. 
t  Journ.  fiir  Prakt.  Chem.,  27,  385.     1842. 


Digitized  by 


Google 


URANIUM. 


153 


A. 


71 
71 
71 
71 
71 
71 
71 
71 


924 

787 
767 
621 
794 
793 
778 
790 


B. 

103.949 
103.867 
103.920 
103.900 


103.930 


Mean,  71.782,.  db  .019 


Mean,  103.913,  db  .009 


From  column  A,  the  molecular  weight  of  UO  =  134.523,  ±  .102 
B,  "  "  =  135-985.  ±  .326 


General  mean. 


.U0=:  134.652,  ±  .097 


From  column  A U  =  118.560 

"  B "  =:  120.022 

From  general  mean  of  both  columns  ..  *<  =  1 18.689,  rb  .097 

Wertheim's*  experiments  were  even  simpler  in  character 
than  those  of  Ebelmen.  Sodio-uranic  acetate,  carefully 
dried  at  200°,  was  ignited,  leaving  the  following  percentages 
of  sodium  uranate: 

67.51508 

67.54558 

67.50927 


Mean,  67.52331,  ±  .0076 

Hence  the  molecular  weight  of  NajU^OT  =  634.865, 
±  .191.    And  U  =  119.282,  =b  .048. 

The  final  results  of  Peligot'sf  investigations  appeared  in 
1846.  Both  the  oxalate  and  the  acetate  of  uranium  were 
studied  and  subjected  to  combustion  analysis.  The  oxalate 
was  scrupulously  purified  by  repeated  crystallizations,  and 
thirteen  analyses,  representing  diflerent  fractions,  were  made. 
Seven  of  these  gave  imperfect  results,  due  to  incomplete 
purification  of  the  material ;  six  only,  from  the  later  crys- 
talUzations,  need  to  be  considered.    In  these  the  uranium 

*  Joum.  fiir  Prakt.  Chem.,  29,  209.     1843. 
t  Compt.  Rend.,  22,  487. 
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was  weighed  as  U8O4,  and  the  carbon  as  COj.  From  the 
ratio  between  the  CO,  and  UjO^  the  atomic  weight  of 
uranium  may  be  calculated  without  involving  any  error 
due  to  traces  of  moisture  possibly  present  in  the  oxalate. 
I  subjoin  Peligot's  weighings,  and  give,  in  the  third  column, 
the  UgO^  proportional  to  100  parts  of  CO,: 


COy 

u,o,. 

Ratio. 

1.456  grm 

4.649  gnn. 

319.299 

1.369    " 

4.412    " 

322.279 

2.209    " 

7.084    " 

320.688 

1. 019    " 

3.279    " 

321.786 

1.069    " 

3.447    " 

322.461 

1.052     " 

3.389    " 

322.148 

kean.  321.443, 

U30,= 

423.342,  dz  .451. 

.338 


From  the  acetate,  C,H3(U0)0,.H,0,  the  following  per- 
centages of  UjO^  were  obtained  ; 

5.061  grm.  acetate  gave  3.354  gnn.  l/jO^.  66.2715  per  ceut. 

4.601  «  3.057  "  66.4421       " 

1.869  "  '.238  "  66.2386 

3.817  "  2.541  "  66.5706 

10.182  "  6.757  "  66.3622 

4.393  «  2.920  "  66.4694 

2.868  "  1.897  «  66.1437 


Mean,  66.3569,  db  .038 

The  acetate  also  yielded  the  subjoined  percentages  of 
carbon  and  of  water.  Assuming  that  the  figures  for  carbon 
were  calculated  from  known  weights  of  dioxide,  with  C  =  12 
and  0  =  16, 1  have  added  a  third  column,  in  which  the 
carbon  percentages  are  converted  into  percentages  of  CO,: 


H 

,0, 

c. 

CO,. 

21 

.60 

II 

27 

41.323 

21 

.16 

II 

30 

41.433 

21 

.10 

II 

30 

41.433 

21 

.20 

II 

10 

40.700 

Mean,  21.265,  ±  .187     11.24  41.222,  di  .092 
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From  all  of  these  figures  we  may  calculate  the  molecular 
weight  of  the  uranic  acetate  as  follows : 

From  percentage  of  UjO^ C,H,(UO)0,.H,0  =  212.629,  ±     242 

"  CO, "  =212.999,  dr    .476 

HjO "  =211.184,  d=  1.863 


General  mean... *'  =  212.685,  ±    .214 

We  have  now  before  us  the  molecular  weights  of  four 
uranium  compounds,  giving  us  four  values  for  U : 

(I.)  UO  =  134.652,  ±  .097 Ebelmen. 

(2.)  Na^U^O^  =  634.865,  rb  .191 Wertheim. 

(3.)  UjO^  =  423.342,  ±  .451 Peligot. 

(4.)  C,H5(UO)0,.HjO  =  212.685,  ±  .214  .     " 

The  four  values  for  uranium  combine  as  follows : 

From  (i) U  =  118.689,  ±  '097  Ebelmen. 

**      (2)—^ "  =  119.282,  rh  .048  Wertheim. 

**      (3) "  =  "9-830.  =b  .150  Peligot. 

"      (4)- "  =  119.885,  rb  .215 


General  mean "  =  1 19.241,  d=  .041 

Or,  if  O  =  16,  U  =  119.515,  or  239.030. 

Considering  Peligot'a  figures  by  themselves,  and  combin- 
ing values  3  and  4,  we  have  U  =  119.849,  ±  .123 ;  or,  if 
0  =  16,  U  =  120.125,  or  240.250. 

It  is  plain  that  the  atomic  weight  of  uranium  needs  to  be 
scrupulously  revised.  The  foregoing  figures  are  by  no 
means  satisfactory.  Chemically  considered,  it  is  probable 
that  Peligot's  work  is  the  best,  and  that  his  results  should 
be  given  preference.  His  figures  from  the  oxalate  and  the 
acetate  tally  well  with  each  other,  whereas  Ebelmen's  two 
sets  of  results  vary  widely.  From  the  percentage  of  UO 
yielded  by  the  oxalate,  Ebelmen's  figures  give  a  low  value 
for  U.  From  his  oxidation  of  UO  to  UgO^  we  get  a  value 
nearly  two  units  higher.  Peligot,  in  his  work  with  the 
oxalate,  found  it,  even  after  three  or  four  crystallizations, 
to  be  contaminated  with  oxalic  acid,  and  rejected  the  figures 
obtained  from  impure  material.  Probably  Ebelmen's  low 
values  are  due  to  the  same  impurity. 
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ALUMINUM. 

The  atomic  weight  of  aluminum  has  been  determined  by 
Berzelius,  Mather,  Tissier,  Dumas,  Isnard,  Terreil,  and 
Mallet.  The  early  calculations  of  Davy  and  of  Thomson 
we  may  properly  disregard. 

Berzelius'  *  determination  rests  upon  a  single  experiment. 
He  ignited  10  grammes  of  dry  aluminum  sulphate, 
Al, (804)3,  ^^^  obtained  2.9934  grammes  of  A1,0,  as  resi- 
due.   Hence,  if  S  =  31.987  and  O  =  15.9633,  Al  =  27.243. 

In  1835 1  Mather  published  a  single  analysis  of  aluminum 
chloride,  from  which  he  sought  to  fix  the  atomic  weight  of 
the  metal.  0.646  grm.  of  AlaCl^  gave  him  2.056  of  AgG 
and  0.2975  of  AljOg.  These  figures  give  worthless  values 
for  Al,  and  are  included  here  only  for  the  sake  of  complete- 
ness.  From  the  ratio  between  AgCl  and  Al  2  CI  ^ ,  Al  =  28.925. 

Tissier'sJ  determination,  also  resting  on  a  single  experi- 
ment, appeared  in  1858.  Metallic  aluminum,  containing 
.135  per  cent,  of  sodium,  was  dissolved  in  hydrochloric  acid. 
The  solution  was  evaporated  with  nitric  acid  to  expel  all 
chlorine,  and  the  residue  was  strongly  ignited  until  only 
alumina  remained.  1.935  grm.  of  Al  gave  3.645  grm  of 
AljOj.  If  we  correct  for  the  trace  of  sodium  in  the  alumi- 
num, we  have  Al  =  27.073. 

Essentially  the  same  method  of  determination  was  adopted 
by  Isnard,||  who,  although  not  next  in  chronological  order, 
may  fittingly  be  mentioned  here.  He  found  that  9  grm.  of 
aluminum  gave  27  grm.  of  Al  jOg.    Hence  Al  =  26.938. 

In  1858  Dumas,§  in  connection  with  his  celebrated  revi- 
sion of  the  atomic  weights,  made  seven  experiments  with 
aluminum  chloride.    The  material  was  prepared  in  quantity, 

♦Poggend.  Annal.,  8,  177. 

f  Silliman's  Amer.  Journ.,  27,  241. 

X  Compt.  Rend.,  46,  1105. 

II  Compt.  Rend.,  66,  508.     1868. 

{  Ann.  Chim.  Phys.,  (3,)  55,  151.     Ann.  Cliem.  Pharm.,  113,  26. 
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sublimed  over  iron  filings,  and  finally  resublimed  from 
metallic  aluminum.  Each  sample  used  was  collected  in  a 
small  glass  tube,  after  sublimation  from  aluminum  in  a 
a  stream  of  dry  hydrogen,  and  hermetically  enclosed.  Hav- 
ing been  weighed  in  the  tube,  it  was  dissolved  in  water,  and 
the  quantity  of  silver  necessary  for  precipitating  the  chlo- 
rine was  determined.  Reducing  to  a  common  standard,  his 
weighings  give  the  quantities  of  AljCl^  stated  in  the  third 
•column,  as  proportional  to  100  parts  of  silver : 

1.8786  grm.  AljClj  =  4.543  gnn.  Ag.  4«.352 

3.021  "      7.292  "  4i.459-~Bad. 

2.399  "      5.802  "  41.348 

1.922  **  46525  "  41-3" 

1.697  *'      4.1015  "  41.375 

4.3165  "  10.448  *'  41.314 

6.728  "  16.265  "  41.365 

In  the  second  experiment  the  A1,C1^  contained  traces  of 
iron.  Rejecting  this  experiment  the  remaining  six  give  a 
mean  of  41.344,  ±  .007.    Hence  Al  =  27.441,  ±  .082. 

In  consequence  of  these  figures  of  Dumas,  the  atomic 
weight  of  aluminum  has  generally  of  late  years  been  put  at 
^.5,  and  the  lower  results  deduced  from  the  work  of  other 
investigators  have  been  disregarded. 

In  1879  Terrell*  published  a  new  determination  of  the 
atomic  weight  under  consideration,  based  upon  a  direct 
comparison  of  the  metal  with  hydrogen.  Metallic  alumi- 
num, contained  in  a  tube  of  hard  glass,  was  heated  strongly 
in  a  current  of  dry  hydrochloric  acid.  Hydrogen  was  set 
free,  and  was  collected  over  a  strong  solution  of  caustic 
potash.  0.410  grm.  of  aluminum  thus  were  found  equiva- 
lent to  508.2  cc,  or  .0455  grm.  of  hydrogen.  Hence  Al  = 
27.033. 

About  a  year  after  TerreiFs  determination  appeared  the 
lower  value  for  aluminum  was  thoroughly  confirmed  by  J. 
W.  Mallet.t  After  giving  a  full  resume  of  the  work  done 
by  others,  exclusive  of  Isnard,  the  author  describes  his  own 
-experiments,  which  may  be  summarized  as  follows  : 

*  Bulletin  de  la  Soc.  Chimique,  31,  153. 
fPhil.  Trans.,  1880,  p.  1003. 
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Four  methods  of  determination  were  employed,  each  one 
simple  and  direct,  and  at  the  same  time  independent  of  the 
others.  First,  pure  ammonia  alum  was  calcined,  and  the 
residue  of  aluminum  oxide  was  estimated.  Second,  alumi- 
num bromide  was  titrated  with  a  standard  solution  of  silver. 
Third,  metallic  aluminum  was  attacked  by  caustic  soda, 
and  the  hy4rogen  evolved  was  measured.  Fourth,  hydro- 
gen was  set  free  by  aluminum,  and  weighed  as  water. 
Every  weight  was  carefully  verified,  the  verification  being 
based  upon  the  direct  comparison,  by  J.  E.  Hilgard,  of  a 
kilogramme  weight  with  the  standard  kilogramme  at  Wash- 
ington. The  specific  gravity  of  each  piece  was  deternuned, 
and  also  of  all  materials  and  vessels  used  in  the  weighings. 
During  each  weighing  both  barometer  and  thermometer 
were  observed,  so  that  every  result  represents  a  real  weight 
in  vacuo. 

The  ammonium  alum  used  in  the  first  series  of  experi- 
ments was  specially  prepared,  and  was  absolutely  firee  firom 
ascertainable  impurities.  The  salt  was  found,  however,  to 
lose  traces  of  water  at  ordinary  temperatures ;  a  circum- 
.stance  which  tended  towards  a  slight  elevation  of  the  appar- 
ent atomic  weight  of  aluminum  as  calculated  from  the 
weighings.  Two  sets  of  experiments  were  made  with  the 
alum ;  one  upon  a  sample  air-dried  for  two  hours  at  21°-2o°, 
the  other  upon  material  dried  for  twenty-four  hours  at 
19°-26°.  These  sets,  marked  A  and  B  respectively,  differ 
slightly ;  B  being  the  less  trustworthy  of  the  two,  judged 
fi'om  a  chemical  standpoint.  Mathematically  it  is  the  better 
of  the  two.  Calcination  was  eflfected  with  a  great  variety  of 
precautions,  concerning  which  the  original  memoir  must  be 
consulted.  To  Mallet's  weighings  I  append  the  percentages 
of  AljOg  deduced  from  them : 

SerUs  A, 

8.2144  gnn.  of  the  alum  gave  .9258  grm.  Al,Oj.  11.270  per  cent. 

14.0378  "  1.5825  "  11.273 

5.6201  "  .6337  "  11.275       " 

11.2227  "  1.2657  "  11.278       ** 

10.8435  "  1. 2216  "  11.266     ." 

Mean,  11.2724,  d=  .0014 
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Series  B. 

12.1023  grm.  of  the  alum  gave  1.3660  grm.  Al^G,.    11.287  P^  cent 

10.4544  "  1. 1796  "  11.283  " 

6.7962  "  .7670  "  11.286      " 

8.5601  "  .9654  "  n.278  " 

4.8992  "  .5528  •*  11.283  " 


Mean,  11.2834,  d=  .0011 

Combined,  these  series  give  a  general  mean  of  11.2793,  dz 
.0008.    Hence  Al  =  27.075,  ±  .011. 

The  aluminum  bromide  used  in  the  second  series  of  ex- 
periments was  prepared  by  the  direct  action  of  bromine 
upon  the  metal.  The  product  was  repeatedly  distilled,  the 
earlier  portions  of  each  distillate  being  rejected,  until  a  con- 
stant boiling  point  of  263. °3  at  747  mm.  pressure  was  noted. 
The  last  distillation  was  eflfected  in  an  atmosphere  of  pure 
nitrogen,  in  order  to  avoid  the  possible  formation  of  oxide 
or  oxy-bromide  of  aluminum ;  and  the  distillate  was  col- 
lected in  three  portions,  which  proved  to  be  sensibly  identi- 
cal. The  individual  samples  of  bromide  were  collected  in 
thin  glass  tubes,  which  were  hermetically  sealed  after  nearly 
filling.  For  the  titration  pure  silver  was  prepared,  and 
after  fusion  upon  charcoal  it  was  heated  in  a  Sprengel  vac- 
uum in  order  to  eliminate  occluded  gases.  This  silver  was 
dissolved  in  specially  purified  nitric  acid,  the  latter  but  very 
slightly  in  excess.  The  aluminum  bromide,  weighed  in  the 
sealed  tube,  was  dissolved  in  water,  precautions  being  taken 
to  avoid  any  loss  by  splashing  or  fuming  which  might  re- 
sult from  the  violence  of  the  action.  To  the  solution  thus 
obtained  the  silver  solution  was  added,  the  silver  being 
something  less  than  a  decigramme  in  deficiency.  The  re- 
maining amount  of  silver  needed  to  complete  the  precipita- 
tion of  the  bromine  was  added  from  a  burette,  in  the  form 
of  a  standard  solution  containing  one  milligramme  of  metal 
to  each  cubic  centimetre.  The  final  results  were  as  follows, 
the  figures  in  the  third  column  representing  the  quantities 
of  bromide  proportional  to  100  parts  of  silver.  Series  A  is 
fix^m  the  first  portion  of  the  last  distillate  of  Al,Br^;  series 
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B  from  the  second 

portion,  and 

series 

C  from  the 

portion : 

Series  A. 

6.0024  gnn. 

Al,Br. 

=  7.2793  gnn.  Ag. 

82.458 

8.6492 

« 

10.4897         " 

82.454 

3.1808 

« 

3.8573        " 
Series  B, 

82.462 

6.9617 

« 

8.4429        " 

82.456 

1 1. 2041 

It 

13.5897         " 

82.445 

3.7621 

tt 

4.5624        " 

82.459 

5.2842 

« 

6.4085 

82.456 

9.7338 

« 

11.8047         " 
SeHes  C. 

82.457 

9.3515 

« 

11.3424 

82.447 

4.4426 

« 

5.3877         " 

82.458 

5.2750 

« 

6.3975         " 

Mean 

82.454 

.  82.455,  rb  .001 

Hence  Al  =  27.046,  dz  .061. 

The  high  probable  error  of  this  result  is  due  to  the  high 
probable  error  of  the  atomic  weight  of  bromine. 

The  experiments  to  determine  the  amount  of  hydrogen 
evolved  by  the  action  of  caustic  soda  upon  metallic  alumi- 
num were  conducted  with  pure  metal,  specially  prepared, 
and  with  caustic  soda  made  from  sodium.  The  soda  solu- 
tion was  so  strong  as  to  scarcely  lose  a  perceptible  amount 
of  water  by  the  passage  through  it  of  a  dry  gas  at  ordinary 
temperature.  As  the  details  of  the  experiments  are  some- 
what complex,  the  original  memoir  must  be  consulted  for 
them.  The  following  results  were  obtained,  the  weight  of 
the  hydrogen  being  calculated  from  the  volume,  by  Reg- 
nault's  data  corrected  for  the  latitude  and  elevation  of  •  the 
University  of  Virginia : 


Weight  ofAl. 

VoL  ofH, 

Wt,  OfH. 

At,  Wt. 

.3697  grm. 

458.8  c.  c. 

.04106  grm. 

27.012 

.3769     " 

467.9    " 

.04187    " 

27.005 

.3620    " 

449.1    " 

.04019    " 

27.022 

.7579    " 

941.5    " 

.08425    " 

26.998 

.7314    " 

907.9    " 

.08125    " 

27.006 

.7541     " 

936.4   " 

.08380    " 

26.996 

Mean,  27.005,  ±  .0032 
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The  closing  series  of  experiments  was  made  with  larger 
quantities  of  aluminum  than  were  used  in  the  foregoing 
set.  The  hydrogen,  evolved  by  the  action  of  the  caustic 
alkali,  was  dried  by  passing  it  through  two  drying  tubes 
containing  pumice  stone  and  sulphuric  acid,  and  two  others 
containing  asbestos  and  phosphorus  pentoxide,  Thence  it 
passed  through  a  combustion  tube  containing  copper  oxide 
heated  to  redness.  A  stream  of  dry  nitrogen  was  employed 
to  sweep  the  last  traces  of  hydrogen  into  the  combustion 
tube,  and  dry  air  was  afterwards  passed  through  the  entire 
apparatus  to  reoxidize  the  surface  of  reduced  copper,  and  to 
prevent  the  retention  of  occluded  hydrogen.  The  water 
formed  by  the  oxidation  of  the  hydrogen  was  collected  in 
three  drying  tubes.  The  results  obtained  were  as  follows. 
The  third  column  gives  the  amount  of  water  formed  from 
10  grammes  of  aluminum : 

2.1704  grm.  Al  gave  2.1661  gnn.  H,0.  9.9802 

2.9355  "  2.9292         "  9-9785 

5.2632  "  5-2562         "  9.9867 

Mean,  9.9818,  db  .0017 

Hence  Al  =  26.998,  ±  .007. 

In  combining  the  various  determinations  of  the  atomic 
weight  of  aluminum  into  one  general  mean,  we  must  arbi- 
trarily assign  weight  to  the  single  experiments  of  Berzelius, 
Isnard,  Tissier,  and  Terrell.  This  may  fairly  be  done  by 
giving  to  each  the  probable  error,  and  therefore  the  weight, 
of  a  single  observation  in  ^Dumcis'  series.  Mather's  work 
may  be  ignored  altogether : 

From  Berzelius.— Al  =  27.243,  d-  .201 

"  Tissier "  =27.096,  ±.201 

"  I*iard "=26.938,  ±.201 

«  Dumas —  "  =  27.441,  ifc  .082 

"  Terreil "  =27.033,  ±.201 

"  Mallet's  alum  experiments,"  =:  27.075,  d=  .011 

"  "       AljBfj        "  "  =  27.046,  ifc  .061 

"  "        H  "  "   =  27.005,  zh  .003  • 

"  "        HjO  "  "  =  26.998,  d=  .007 


11 


General  mean "  =  27.0092,  d=  .0028 
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If  0  =  16,  Al  =  27.075.  Taking  Mallet's  work  alone, 
Al  =  27.0089,  It  .0028. 

Evidently  all  the  data  except  Mallet's  might  be  rejected 
without  affecting  sensibly  the  final  result.  Dumas'  work  is 
clearly  vitiated  by  constant  errors,  but  the  determinations 
by  Isnard,  Tissier,  and  Terrell  may  be  regarded  as  having 
some  confirmative  value. 


GOLD. 


The  only  determinations  of  the  atomic  weight  of  gold 
which  are  worthy  of  consideration  are  those  of  Berzelius 
and  of  Levol. 

The  earliest  method  adopted  by  Berzelius*  was  that  of 
precipitating  a  solution  of  gold  chloride  by  means  of  a 
weighed  quantity  of  metallic  mercury.  The  weight  of  gold 
thus  thrown  down  gave  the  ratio  between  the  atomic  weights 
of  the  two  metals.  In  the  single  experiment  which  Ber- 
zelius publishes,  142.9  parts  of  Hg  precipitated  93.55  of  Au. 
Hence,  using  the  value  for  mercury  given  in  a  preceding 
chapter,  199.712,  Au  =  196.113. 

In  a  later  investigationf  Berzelius  resorted  to  the  analysis 
of  potassio-auric  chlo^de,  2KCl.AuCl8.  Weighed  quanti- 
ties of  this  salt  were  ignited  in  hydrogen ;  the  resulting  gold 
and  potassium  chloride  were  separated  by  means  of  water, 
and  both  were  collected  and  estimated.  The  loss  of  weight 
upon  ignition  was,  of  course,  chlorine.  As  the  salt  could 
not  be  perfectly  dried  without  loss  of  chlorine,  the  atomic 
weight  under  investigation  must  be  determined  by  the 
ratio  between  the  KCl  and  the  Au.  If  we  reduce  to  a  com- 
mon standard,  and  compare  with  100  parts  of  KCl,  the 
equivalent  amounts  of  gold  will  be  those  which  I  give  in 
the  ]fiSt  of  the  subjoined  columns : 

♦Poggend.  Aimal.,8,  177. 
fLehrbuch,  5  Aufl.,  3,  12 12. 
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4.1445  gnn.  K^uGj gave  .8185  gnn.  KQ  and  2. 159  grm.  Au.  263.775 

2.2495  «  .44425  "  1. 172        "  263.815 

5.1300  "  1. 01375  "  2.67225    "  263.600 

3.4130  **  674  "  1.77725    "  263.687 

4.19975  "  -8295  "  2.188        "  263.773 


Mean,  263.730,  db  .026 


Hence  Au  =  196.186,  ifc  .101. 


Still  a  third  series  of  experiments  by  Berzelius*  may  be 
included  here.  In  order  to  establish  the  atomic  weight  of 
phosphorus  he  employed  that  substance  to  precipitate  gold 
from  a  solution  of  gold  chloride  in  excess.  Between  the 
weight  of  phosphorus  taken  and  the  weight  of  gold  ob- 
tained it  was  easy  to  fix  a  ratio.  Since  the  atomic  weight 
of  phosphorus  has  been  better  established  by  other  methods, 
we  may  properly  reverse  this  ratio  and  apply  it  to  our  dis- 
cussion of  gold.  100  parts  of  P  precipitate  the  quantities  of 
Au  given  in  the  third  column : 

.829  gnn.  P  precipitated  8.714  gnn.  Au.  105 1. 15 

.754  "  7.930        "  1051.73 


Mean,  1051.44,  ±  .196 

Hence  Au  =  195.303,  ±  .589. 

LevoFst  estimation  of  the  atomic  weight  under  considera- 
tion can  hardly  have  much  value.  A  weighed  quantity  of 
gold  was  converted  in  a  flask  into  AuClj.  This  was  reduced 
by  a  stream  of  sulphur  dioxide,  and  the  resulting  sulphuric 
acid  was  determined  as  BaSO^.  One  gramme  of  gold  gave 
1.782  grm.  BaSO^.    Hence  Au  =  195.794. 

If  we  give  this  single  experiment  and  Berzelius'  single 
result  with  mercury  each  equal  weight  with  one  analysis  in 
the  potassio-auric  chloride  series,  and  include  respectively 
the  probable  errors  appertaining  to  Hg  and  to  BaS04,  we 
may  combine  all  the  data  as  follows : 


*  Lehrbuch,  5  Aufl.,  3,  1188. 

t  Ann.  d.  Chim.  et  d.  Phys.,  (3,)  30,  355.  1850. 
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From  KCl :  Au  ratio Au  =  196.186,  di    .101 

From  Hg  :  Au  ratio "   =  196. 1 13,  db    .335 

From  P  :  Au  ratio <»   =  195.303,  ±    .589 

From  BaSO^  :  Au  ratio. .;_.  "   =  195.794,  ±  1.234 


General  mean "   =  196.155,  db    .095 

Or,  if  0  =  16,  Au  =  196.606. 

As  gold  is  a  metal  which  can  be  readily  applied  to  the 
determination  of  the  atomic  weights  of  other  elements,  an 
experimental  revision  of  its  atomic  weight  is  very  desirable. 


NICKEL  AND  COBALT, 

On  account  of  the  close  similarity  of  these  metals  to  each 
other,  their  atomic  weights,  approximately  if  not  actually 
identical,  have  received  of  late  years  much  attention. 

The  first  determinations,  and  the  only  ones  up  to  1852, 
were  made  by  RothhoflF;  *  each  with  but  a  single  experi- 
ment. For  nickel  188  parts  of  the  monoxide  were  dissolved 
in  hydrochloric  acid ;  the  solution  was  evaporated  to  dry- 
ness, the  residue  was  dissolved  in  water,  and  precipitated 
by  silver  nitrate.  718.2  parts  of  silver  chloride  were  thus 
formed ;  whence  Ni  =  58.925.  The  same  process  was  apphed 
also  to  cobalt,  269.2  paints  of  the  oxide  being  found  equiva- 
lent to  1029.9  of  AgCl.  Hence  Co  =  58.817.  These  values 
are  so  nearly  equal  that  their  diflFerences  were  naturally 
ascribable  to  experimental  errora.  They  are,  however,  en- 
titled to  no  special  weight  at  present,  since  it  cannot  be 
certain  from  any  evidence  recorded  that  the  oxide  of  either 
metal  was  absolutely  free  from  traces  of  the  other. 

In  1852  Erdmann  and  Marchandf  published  some  re- 
sults, but  without  details,  concerning  the  atomic  weight  of 
nickel.    They  reduced  the  oxide  by  heating  in  a  current  of 

*  Cited  by  Berzelius.     Poggend.  Amial.,  8, 184.     1826. 
f  Joum.  fUr  Prakt.  Chem.,  55,  202.     1852. 
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hydrogen,  and  obtained  values  ranging  from  58.2  to  58.6, 
when  O  =  16.  Their  results  were  not  very  concordant,  and 
the  lowest  was  probably  the  best. 

In  1856,  incidentally  to  other  work,  Deville*  found  that 
100  parts  of  pure  metallic  nickel  yielded  262  of  sulphate ; 
whence  Ni  =  59.15. 

To  none  of  the  foregoing  estimations  can  any  importance 
now  be  attached.  The  modern  discussion  of  the  atomic 
weights  under  consideration  began  with  the  researches  of 
Schneider  t  in  1857.  This  chemist  examined  the  oxalates 
of  both  metals,  determining  carbon  by  the  combustion  of 
the  salts  with  copper  oxide  in  a  stream  of  dry  air.  The 
carbon  dioxide  thus  formed  was  collected  as  usual  in  a 
potash  bulb,  which,  in  weighing,  was  counterpoised  by  a 
similar  bulb,  so  as  to  eliminate  errors  due  to  the  hygroscopic 
character  of  the  glass.  The  metal  in  each  oxalate  was  esti- 
mated, first  by  ignition  in  a  stream  of  dry  air,  followed  by 
intense  heating  in  hydrogen.  Pure  nickel  or  cobalt  was 
left  behind  in  good  condition  for  weighing.  Four  analyses 
of  each  oxalate  were  made,  with  the  results  given  below. 
The  nickel  salt  contained  three  molecules  of  water,  and  the 
cobalt  salt  two  molecules : 

1. 1945  grm.  gave    .528    grm.  CO,.  44.203  per  cent. 

2-5555         "  1. 12625        "  44.072      ** 

3.199  "  1.408  "  44.014      " 

5.020  "         2.214  "  44- 104      " 


Mean,  44.098,  d:  .027 

The  following  percentages  of  nickel  were  found  in  this 

salt: 

29.107 
29.082 
29.066 
29.082 


Mean,  29.084,  di  .006 


♦Ann.  Chim.  Phys.,  (3,)  46,  182.     1856. 
t  Poggend.  Anna].»  loi,  387.     1857. 
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CoC^O^,2H^O. 

1-6355  grm-  gave  .781  grm.  CO,. 

47.753  pei:  cent 

1. 107     "     .5295 

47.832   " 

2.309     **     I.IOI      " 

47.683   " 

3.007     "    1.435 

47.722   « 

Mean,  47.7475.  :±=  .0213 

The  following  were  the  percentages  found  for  cobalt : 

32.552 
32.619 
32.528 
32.523 


Mean,  32.5555,  d=  .0149 

In  a  later  paper*  Schneider  also  gives  some  results  ob- 
tained with  a  nickel  oxalate  containing  but  two  molecules 
of  water.  This  gave  him  47.605  per  cent,  of  CO  2,  and  the 
following  percentages  of  nickel : 

31.4115 
31.4038 


Mean,  31.4076,  ±  .0026 

The  conclusion  at  which  Schneider  arrived  was,  that  the 
atomic  weights  of  cobalt  and  nickel  are  not  identical,  being 
about  60  and  58  respectively.  The  percentages  given  above 
will  be  discussed  at  the  end  of  this  chapter  in  connection 
with  all  the  other  data  relative  to  the  constants  in  question. 

The  next  chemist  to  take  up  the  discussion  of  these  atomic 
weights  was  Marignac,  in  1857.t  His  original  paper  is  not 
accessible  to  me,  and  I  am  therefore  obliged  to  give  only 
such  features  of  it  as  I  can  get  from  abstracts  and  reviews. 
He  worked  with  the  chlorides  and  sulphates  of  nickel  and 
cobalt,  using  apparently  common  gravimetric  methods. 
The  sulphates,  taken  as  anhydrous,  were  first  ignited  to 
expel  S0,+  0,  after  which  the  residues  were  heated  with 
weighed  amounts  of  lead  silicate.    The  increase  in  weight 

*  Poggend.  Annal.,  107,  616. 

t  Jahresbericht,  1857,  225.     Bibl.  Univ.  de  Geneve,  (nouv.  s.,)  i,  373. 
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was  CoO  or  NiO  respectively.  The  anhydrous  chlorides 
were  prepared  from  the  hydrated  salts  by  ignition  in  dry 
chlorine  or  hydrochloric  acid.  With  cobalt,  the  monohy- 
drated  chloride,  dried  at  100°,  was  also  employed.  For 
nickel  he  gives  the  following  values,  referred  probably  to 
0  =  16,  S  =  32,  Ag  =  108,  CI  =  35.5: 

From  NiSO^ Ni  =  58.4  to  59.0 

"      NiClj "  =  58.4  «  59.28 

To  cobalt  these  values  are  assigned : 

From  C0SO4. Co  ==  58.64  to  58.76 

"     CoCl,.H,0 "   =58.84"  59.02 

«     CoCl, "   =  58.72  "  59.02 

That  is,  contrary  to  Schneider's  view,  the  two  atomic 
weights  are  approximately  the  same.  The  values  for  nickel, 
however,  run  a  little  lower  than  those  for  cobalt;  a  fact 
which  is  probably  not  without  significance.  Marignac  crit- 
icizes Schneider's  earlier  paper,  holding  that  the  nickel 
oxalate  may  have  contained  some  free  oxalic  acid,  and  that 
the  cobalt  salt  was  possibly  contaminated  with  carbonate  or 
with  basic  compounds.  In  his  later  papers  Schneider  rejects 
these  suggestions  as  unfounded,  and  in  turn  criticizes  Ma- 
rignac. The  purity  of  anhydrous  NiSO^  is  not  easy  to 
guarantee,  and,  according  to  Schneider,  the  anhydrous  chlo- 
rides of  cobalt  and  nickel  are  liable  to  be  contaminated  with 
oxides.  This  is  the  case  even  when  the  chlorides  are  heated 
in  chlorine,  unless  the  gas  is  carefully  freed  from  all  traces 
of  air  and  moisture. 

Dumas'  *  determinations  of  the  two  atomic  weights  were 
made  with  the  chlorides  of  nickel  and  cobalt.  The  pure 
metals  were  dissolved  in  aqua  regia,  the  solutions  were 
repeatedly  evaporated  to  dryness,  and  the  residual  chlorides 
were  ignited  in  dry  hydrochloric  acid  gas.  The  last  two 
estimations  in  the  nickel  series  were  made  upon  NiClj 
formed  by  heating  the  spongy  metal  in  pure  chlorine.  In 
the  third  column  I  give  the  NiCl,  or  CoCla,  equivalent  to 
100  parts  of  silver : 

♦Ann.  Chem.  Pharm.,  113,  25.     i860. 


Digitized  by 


Google 


168 


THE  ATOMIC  WEIGHTS. 


.9123  gnn.  NiCl, 

=  1.51S    gnn 

.  Ag.              60.218 

2.295 

3.8115 

60.212 

3.290 

5.464 

*                     60.212 

1.830               « 

3.<Hi 

60.178 

3.001               " 

4.987 

"    '                 60.176 
Mean,  60.1992, 

2.352  gnn.  CoCl, 

=^  3.9035  gnn. 

Ag.                 60.254 

4.210             ** 

6.990          " 

60.229 

3.592 

5.960 

60.268 

2.492             " 

4.1405 

60.186 

4.2295 

7.0255 

60.202 

Mean,  60.2278, 

.0062 


±  .oil 

These  results  give  values  for  Co  and  Ni  diflfering  by  less 
than  a  tenth  of  a  unit ;  here,  as  elsewhere,  the  figure  for  Ni 
being  a  trifle  the  lower. 

In  1863*  the  idea  that  nickel  and  cobalt  have  equal 
atomic  weights  was  strengthened  by  the  researches  of  Russell. 
He  found  that  the  black  oxide  of  cobalt,  by  intense  heating 
in  an  atmosphere  of  carbon  dioxide,  became  converted  into 
a  brown  monoxide  of  constant  composition.  The  ordinary 
oxide  of  nickel,  on  the  other  hand,  was  shown  to  be  convert- 
ible into  a  definite  monoxide  by  simple  heating  oyer  the  blast 
lamp.  The  pure  oxides  of  the  two  metals,  thus  obtained, 
were  reduced  by  ignition  in  hydrogen,  and  their  exact  com- 
position thus  ascertained.  Several  samples  of  each  oxide 
were  taken,  yielding  the  following  percentages  of  metal : 

NiO, 


78.597 
78.584 
78.608 
78.581 
78.589 
78.583 
78,616 

78.590 
78.588 
78.590 
78.594 
78.597 
78.588 


1st  sample. 


} 

[2a 

V 


sample. 


sample. 


4th  sample. 


Mean  of  all,  78.593,  ±.  .0018 


*  Joum.  Chem.  Soc.,  (2,)  i,  51. 
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CoO, 

78.591 
78.588 
78.550 
78.598 
78.614 
78.603 
78.591 
78.591 
78.588 


-  1st  sample. 


2d  sample. 


78.592}3^^P^"- 

78.595  ) 

78.589  |-5th  sample. 

78.596  ) 


Mean  of  all,  78.592,  dr  .0023 

These  percentages  are  practically  identical,  and  lead  to 
essentially  the  same  mean  value  for  each  atomic  weight. 

In  a  later  paper  Russell*  confirmed  the  foregoing  results 
by  a  different  process.  He  dissolved  metallic  nickel  and 
cobalt  in  hydrochloric  acid  and  measured  the  hydrogen 
evolved.  Thus  the  ratio  between  the  metal  and  the  ulti- 
mate standard  was  fixed  without  the  intervention  of  any 
other  element.  About  two-tenths  of  a  gramme  of  metal,  or 
less,  was  taken  in  each  experiment.  100  parts  by  weight  of 
Co  or  Ni  give  the  following  weights  of  H,  calculated  from 
the  volume  of  the  latter : 


Nu 


Co. 


3420 

3-395 

3.418 

3.398 

1st  sample. 

3.416. 

3.397 

3.417 

.  I  St  sample. 

3.398  J 

3-412 

3-403  \ 

3.415 

3.401    •  2d  sample. 

3.416 

/ 

3.401 

*  Joum.  Chem.  See.,  (2,)  7,  494.     1869. 
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A7.  Co. 

3398  )  3404  )     ,  , 

3.409  J-  2d  sample.  3.405  /  ^^  **™P*«* 

3-404 -^  ^'"^'^  l^th        nl 

3.401  —3d  sample.  3.407  /  ^^  sample. 

3.412  ^  

3.408  V  4th  sample.        Mean  of  all,  3.4017,  d=  .0009 

3.410  ) 


Mean  of  all»  3.41 1,  ±.  .001 

A  glance  at  the  tabulated  discussion  which  closes  this 
chapter  will  show  that  these  figures  agree  well  with  each 
other,  and  well  with  those  found  from  the  analyses  of  the 
oxides.  The  probable  errors  assigned  in  the  hydrogen 
series  may  be  a  little  too  low,  since  they  ought  to  be  modi- 
fied by  the  probable  error  of  the  weight  of  a  unit  volume 
of  hydrogen.  So  insignificant  a  correction  may,  however, 
be  neglected. 

Some  time  after  the  publication  of  Russell's  first  paper, 
but  before  the  appearance  of  his  second,  some  other  investi- 
gations were  made  known.  Of  these  the  first  was  by  Som- 
maruga,*  whose  results,  obtained  by  novel  methods,  closely 
confirmed  those  of  Schneider  and  antagonized  those  of  Du- 
mas, Marignac,  and  Russell.  The  atomic  weight  of  nickel 
Sommaruga  deduced  from  analyses  of  the  nickel  potassium 
sulphate,  K,Ni(SOj2.6H,0,  which,  dried  at  100°,  has  a 
perfectly  definite  composition.  In  this  salt  the  sulphuric 
acid  was  determined  in  the  usual  way  as  barium  sulphate, 
a  process  to  which  there  are  obvious  objections.  In  the 
third  column  are  given  the  quantities  of  the  nickel  salt  pro- 
portional to  100  parts  of  BaSO^ : 


0.9798 

grm.  gave 

1.0462  grm.  BaSO^. 

93.653 

'.0537 

It 

1.1251           " 

93654 

1.0802 

i< 

I. '535 

93.645 

1. 1865 

« 

1.2669           « 

93.654 

3.2100 

« 

3.4277 

93.649 

3.2124 

« 

3.4303  • 

Mean 

93.648 
93.6505,  =h  .001 

*  Sitzungsb.  Wien  Akad.,  54,  2  Abth.,  50.     1866. 
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For  cobalt  Sommaniga  used  the  purpureo  cobalt  chloride 
of  Gibbs  and  Genth.  This  salt,  dried  at  110°,  is  anhydrous 
and  stable.  Heated  hotter,  CoCl^  remains.  The  latter,  ig- 
nited in  hydrogen,  yields  metallic  cobalt.  In  every  experi- 
ment the  preliminary  heating  must  be  carried  on  cautiously 
until  ammoniacal  fumes  no  longer  appear : 


.6656  grm.  gave  .1588  grm.  Co. 


I.09I8 

"   .2600 

.9058 

*    .2160   " 

1.5895 

.3785  " 

2.9167 

.6957  " 

1.8390 

.4378  " 

2.5010 

.5968  " 

23.858  per  cent. 

23.814 

23.846 

23813 

23.847 

23.806 

23.808 


Mean,  23.827,  d:  .006 

Further  along  this  series  will  be  combined  with  a  similar 
one  by  Lee.  It  may  here  be  said  that  Sommaruga's  paper 
was  quickly  followed  by  a  critical  essay  from  Schneider,* 
endorsing  the  former's  work,  and  objecting  to  the  results  of 
Russell. 

In  1867  still  another  new  process  for  the  estimation  of 
these  atomic  weights  was  put  forward  by  Winkler,t  who 
determined  the  amount  of  gold  which  pure  metallic  nickel 
and  cobalt  could  precipitate  from  a  neutral  solution  of  sodio- 
auric  chloride.  Experimentally,  the  method  seems  to  be 
quite  accurate ;  practically,  it  involves  a  knowledge  of  the 
defectively  ascertained  atomic  weight  of  gold.  In  order  to 
obtain  pure  cobalt  Winkler  prepared  purpureo-cobalt  chlo- 
ride, which,  having  been  four  or  five  times  recrystallized, 
was  ignited  in  hydrogen.  His  nickel  was  repeatedly  p\iri- 
fied  by  precipitation  with  sodium  hypochlorite.  From  ma- 
terial thus  obtained  pure  nickel  chloride  was  prepared, 
which,  after  sublimation  in  dry  chlorine,  was  also  reduced 
by  hydrogen.  100  parts  of  gold  are  precipitated  by  the 
quantities  of  nickel  and  cobalt  given  in  the  third  columns 
respectively.    In  the  cobalt  series  I  include  one  experiment 

♦Poggend.  Annal.,  130,  310. 

t  Zeit.  Anal.  Chem.,  6,  18.     1867. 
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by  Weselsky  which  was  published  by  him  in  a  paper  pres- 
ently to  be  cited : 

.4360  gnn.  nickel  precipitated  .9648  grm.  gold.  45.191 

.4367  "  9666         "  45-179 

.5189  "  1. 1457         "  45.291 

.6002  «*  1.3286         "  45- 1 75 

Mean,  45.209,  d=  .019 

.5890  grm.  cobalt  precipitated  1.3045  grm.  gold.  45.151 

.3147  "  .6981         "  45.080 

.5829  "  1. 2913        "  45141 

.5111  "  1.1312        "  45.182 

.5821  "  1.2848        "  45-307 

.559  "  1. 241  "  45-044 — Weselsky. 

Mean,  45- 151.  =*=  -025 

Weselsky's  paper,*  already  cited,  relates  only  to  cobalt 
He  ignited  the  cobalticyanides  of  ammonium  and  of  phe- 
nylammonium  in  hydrogen,  and  from  the  determinations 
of  cobalt  thus  made  deduced  its  atomic  weight.  His  results 
are  as  follows : 

•7575  g""-  (NHJjCojCyj,  gave  .166  grm.  Co.     21.914  per  cent 
.5143  "  .113        "  21.972      " 

Mean,  21.943,  dt  .029 

.8529  grm.  (CjH8N)jCo4Cyij  gave  .1010  grm.  Co.  11.842  per  cent. 

.6112  "  .0723        "  11.829      «* 

.7140  «*  .0850        "  11.905      " 

.9420  "  .1120        "  11.890      " 

Mean,  11.8665,  d=  .0124 

Finally,  we  come  to  the  work  done  by  Leef  in  the  labora- 
tory of  Wolcott  Gibbs.  Like  Weselsky,  Lee  ignited  certain 
cobalticyanides  and  nickelocyanides  in  hydrogen  and  deter- 
mined the  residual  metal.  The  double  cyanides  chosen 
were  those  of  strychnia  and  brucia ;  salts  of  very  high  mo- 
lecular weight,  in  which  the  percentages  of  metal  are  rela- 
tively low.    A  series  of  experiments  with  purpureo-cobalt 

*  Ber.  d.  Dentsch.  Chem.  Gesell.,  2,  592.     1868. 
t  Am.  Joum.  Sci.  and  Arts,  (3,)  2,  44.     187 1. 


Digitized  by 


Google 


NICKEL  AND  COBALT.  173 

chloride  was  also  carried  out.  In  order  to  avoid  admixture 
of  carbon  in  the  metallic  residues,  the  salts  were  first  ignited 
in  air,  and  then  in  oxygen.  Reduction  by  hydrogen  fol- 
lowed.- The  salts  were  in  each  case  covered  by  a  porous 
.septum  of  earthenware,  through  which  the  hydrogen  dif- 
fused, and  which  served  to  prevent  the  mechanical  carrying 
away  of  solid  particles ;  furthermore,  heat  was  applied  from 
above.  The  results  attained  were  very  satisfactory,  and 
assign  to  nickel  and  cobalt  atomic  weights  varying  from 
-each  other  by  about  a  unit;  Ni  being  nearly  58,  and  Co 
about  59.  The  exact  figures  will  appear  later.  The  cobalt 
results  agree  remarkably  well  with  those  of  Weselsky.  The 
following  are  the  percentages  of  metal  found : 

In  brucia  nickelocyanidey  Ni^CyyJ^C^H^If^O^^H^,ioH^O. 

5724 
5.729 

5.750 
5-733 
5.712 

5.729 


Mean,  5.7295»  ±  -0034 

In  strychnia  nickelocyanide,  NifiyyJ^C^Hy^N^0^^,H^,8H^0, 
6.607 
6.613 
6.589 
6.607 
6.561 
6.595 

Mean,  6.595,  ±  .«>5 

In  brucia  cobalticyanide^  ^•^jO'ifC^M^se^i^Je.^*-^^^!^. 

3.759 
3.720 

3-739 
3.748 
3-747 
3.749 


Mean,  3.7437.  ±  .0036 
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In  strychnia  cobalHcyanide,  Co^CyyJ^C^^H^N^^O^^.H^.SH^O. 

4.583 
4.596 
4.554 
4.564 

4.577 
4.549 

Mean,  45705,  ±  .005 

In purpureo'cobalt  chloride y  CoJ^NH^'^i^Cl^. 

23.575 
23587 
23.586 
23.579 
23.569 
23.581 

Mean,  23.5795,  =h  .0019 

The  last  series  may  be  combined  with  Sommaruga's,  thus : 

Sommaruga 23.827,    db  .006 

Lee 23.5795,  db  .0019 

General  mean 23.6045,  ifc  .0018 

In  discussing  the  atomic  weights  of  nickel  and  cobalt,  we 
may  ignore  the  work  of  RothhoflF,  Erdmann  and  Marchand 
and  Deville.  That  of  Marignac  must  also  be  omitted,  for 
want  of  sufficient  data.  For  nickel  we  have  the  following 
ratios.  The  probable  error  assigned  in  No.  4,  is  that  of  a 
single  experiment  in  No.  2  : 

(I.)  Per  cent,  of  Ni  in       NiC,04.3H,0,  29.084,  d=  .006 
(2.)  "  CO,  from  **  44.098,  ±  .027 

(3.)  "  Ni  in       NiC,04.2H30,  31.4076,  d=  .0026 

(4.)  "  COj  from  "  47.605,  =b  .053 

(5.)  "  '       Ni  in  NiO,  78.593»  ±  -oo'S 

(6.)  "  "    brucia  nickelocyanide,  5.7295,  d=  .0034 

(7.)  "  "    strychnia        "  6.595,  "^  .005 

(8.)  Ag  :  NiCl,  : :  100  :  60.1992,  db  .0062 

(9.)  Ni  I  H*: :  100  :  3.41 1,  ±  .001 

(10.)  Au  :  Ni  : :  lOO  :  45.209,  d=  .019 

(n.)  BaSO^  :  K,Ni(S0J,.6H,0  : :  100  :  93.6505,  ±  .001 

Since  the  proportion  of  water  in  the  oxalates  is  not  an 
absolutely  certain  quantity,  the  data  concerning  such  salts 
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are  beet  handled  by  employing  the  ratios  between  the  carbon 
dioxide  and  the  metal.  Accordingly  ratios  (1)  and  (2)  give 
a  single  value  for  Ni,  and  ratios  (3)  and  (4)  another.  In  all, 
we  have  nine  values  for  the  atomic  weight  in  question : 

From  (I)  and  (2) — Ni  =  57.907*  ±  -0379 

"      (3)    "    (4) "=57.926.^.0654 

"      (6) "  =  57.884.  ±  .0396 

"      (7) "  =  57.947»  =fc  .0467 

"    (II) "  =  58.170,  ±  .0829 

"      (5) "  =  58.607,  ±  .0139 

"      (9) "  =  58.634,  ±  .0165 

"      (8) "  =  58.899.  =b  .0339 

"    (10) "  =59.120,^.0376 

General  mean "  =  58.547,  db  .0089 

If  0  =  16,  Ni  =  58.682. 

In  the  foregoing  result  it  will  be  seen  that  the  two  sets  of 
figures  due  to  Russell  receive  very  great  weight.  This  is 
because  the  one  set  is  referred  directly  to  hydrogen,  without 
the  intervention  of  the  probable  error  of  any  other  element ; 
while  the  second  set  involves  only  the  atomic  weight  of 
oxygen,  of  which  the  probable  error  is  small.  As  regards 
accuracy  of  methods,  however,  and  certainty  concerning  the 
purity  of  material,  Russell's  work  is  no  better  than  Schnei- 
der's, and  probably  inferior  to  Lee's.  Now  values  one  to 
five  in  the  above  table  represent  the  tolerably  concordant 
results  of  Schneider,  Lee,  and  Sommaruga.  They,  combined 
by  themselves,  give  a  general  mean  of  Ni  =  57.928,  ±  .0215 ; 
or,  if  O  =  16,  of  Ni  =  58.062.  This  value,  taking  every- 
thing into  account,  I  cannot  but  regard  as  more  likely  to 
prove  correct  than  the  larger  mean  deduced  from  all  the 
ratios.  At  all  events,  the  atomic  weight  of  nickel  needs 
further  careful  investigation. 

For  cobalt  these  ratios  are  available : 

(I.)  Per  cent,  of  Co  in      CoCjO^.iHjO,  32.5555»  ±  •OH9 

(2.)  "  CO,  from  «  477475*  ±  -0213 

(3.)  "  Co  in  CoO,  78.592,  ±  .0023 

(4.)  "  "     purpureo-cobalt  chloride,  23.6045,  d:  .0018 

(5.)  «  "     phenylammonium  cobalticyanide,  11.8665,  ±  .0124 

(6.)  "  **     ammonium  "  21.943,    i  .029 
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(7.)  Per  cent,  of  Co  in  bnicia  cobalticyanide,  3.7437,  ±  .0036 
(8.)  "  "     strychnia        "  4.S70S,  ±  -"OS 

(9.)  Ag  :  CoCl,  : :  100  :  60.2278,  ±  .oil 

(10.)  Co  :  H  : :  100  :  3.4017,  ±  .0009 

(II.)  Au  :  Co  : :  lOO  :  45.151,  ±  .025 

Hence  we  have  ten  values  for  Co,  as  follows : 

From  (l)  and  (2) Co  =  59.865,  ±  .0394 


"  (4)- 

"  (S)- 

"  (6)-- 

"  (7)- 

«  (8).. 

"  (")- 

"  (9)- 

"  (3)-. 

"  («o)-- 


General  mean.. 

If  O  =  16,  Co  =  59.023. 


=  59.080, 

dz 

.0152 

=  58.9i3» 

± 

.0628 

=  59.177. 

rh 

.0816 

=  59.057. 

d= 

.0581 

=  58.960, 

=b 

.0708 

=  59.044, 

db 

.0436 

=  58.961, 

± 

.0392 

=  58.604, 

dt 

.0145 

=  58.794. 

d= 

.0162 

=  58.887, 

± 

.008 

SELENIUM. 


The  atomic  weight  of  this  element  was  first  determined 
by  Berzelius,*  who,  saturating  100  parts  of  selenium  with 
chlorine,  found  that  179  of  chloride  were  produced.  Further 
on  these  figures  will  be  combined  with  similar  results  by 
Dumas. 

We  may  omit,  as  unimportant  for  present  purposes,  the 
analyses  of  alkaline  selenates  made  by  Mitscherlich  and 
Nitzsch,t  and  pass  on  to  the  experiments  published  by  SaccJ 
in  1847.  This  chemist  resorted  to  a  variety  of  methods, 
some  of  which  gave  good  results,  while  others  were  unsatis- 
factory. First,  he  sought  to  establish  the  exact  composition 
of  SeO,,  both  by  synthesis  and  by  analysis.  The  former 
plan,  according  to  which  he  oxidized  pure  selenium  by 

*  Poggend.  Annal.,  8,  i.  1826. 

t  Poggend.  Annal.,  9,  623.  1827. 

J  Ann.  d.  Chim.  et  d.  Phys.,  (3,)  2i,  119. 
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nitric  acid,  gave  poor  results ;  better  figures  were  obtained 
upon  reducipg  SeO,  with  ammonium  bisulphite  and  hydro- 
chloric acid,  and  determining  the  percentage  of  selenium 
set  free  : 

.6800  grin.  SeO,  gave  .4828  gnn.  Se.  71.000  per  cent. 

3.5227  "  2.5047        "  71.102      " 

4.4870  «•  31930        "  71- 161      « 


Mean,  71.088,  dr  .032 

In  a  similar  manner  Sacc  also  reduced  barium  selenite, 
and  weighed  the'resulting  mixture  of  barium  sulphate  and 
free  selenium.  This  process  gave  discordant  results,  and  a 
better  method  was  found  in  calcining  BaSeOg  with  sul- 
phuric acid,  and  estimating  the  resulting  quantity  of  BaSO^. 
In  the  third  column  I  give  the  amounts  of  BaSO^  equivalent 
to  100  of  BaSeOg : 

•5573  gnn*  BaSeOj  gave  .4929  gnn.  BaSO^.  88.444 

.9942      "       .8797     "  88.383 

.2351       «       .2080     "  88.473 

.9747       "       .8621     "  88.448 


Mean,  88.437,  ±,  .013 

Still  other  experiments  were  made  with  the  selenites  of 
silver  and  lead ;  but  the  figures  were  subject  to  such  errors 
that  they  need  no  further  discussion  here. 

A  few  years  after  Sacc's  work  was  published,  Erdmann  and 
Marchand  made  with  their  usual  care  a  series  of  experi- 
ments upon  the  atomic  weight  under  consideration.*  They 
alalyzed  pure  mercuric  selenide,  which  had  been  repeatedly 
sublimed  and  was  well  crystallized.  Their  method  of  ma- 
nipulation has  already  been  described  in  the  chapter  upon 
mercury.    These  percentages  of  Hg  in  HgSe  were  found : 

71.726 

71.731 
71.741 


Mean,  7i.7327»  ±  -003 


*  Joum.  far  Prakt.  Chem.,  55,  202.     1852. 

12 
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The  next  determinations  were  made  by  Dumas,*  who  re- 
turned to  the  original  method  of  Berzelius.  Pure  selenium 
was  converted  by  dry  chlorine  into  SeCl^,  and  from  the  gain 
in  weight  the  ratio  between  Se  and  CI  was  easily  deducible. 
I  include  Berzelius'  single  experiment,  which  I  have  already 
cited,  and  give  in  a  third  column  the  quantity  of  chlorine 
absorbed  by  100  parts  of  selenium : 

1.709  grm.  Se  absorb  3.049  gnn.  Q.  178.409 


I.8I0 

3.219 

t< 

177.845 

1.679 

3.003 

i< 

178.856 

1.498 

2.688 

" 

179.439 

1.944 

3.468 

« 

178.395 

1.887 

3.382 

It 

179.226 

1.935 

3.452 

ti 

178.398 

1 79.000 — Berzelius. 

Mean,  178.696,  ±  .125 

The  question  may  here  be  properly  asked,  whether  it 
would  be  possible  thus  to  form  SeCl^  and  be  certain  of  its 
absolute  purity  ?  A  trace  of  oxy chloride,  if  simultaneously 
formed,  would  increase  the  apparent  atomic  weight  of 
selenium.  In  point  of  fact,  this  method  gives  a  higher 
value  for  Se  than  any  of  the  other  processes  which  have 
been  adopted,  and  that  value  has  the  largest  probable  error 
of  any  one  in  the  entire  series.  A  glance  at  the  table  which 
summarizes  the  discussion  at  the  end  of  this  chapter  will 
render  this  point  sufficiently  clear. 

Latest  of  all,  we  come  to  the  determinations  made  by 
Ekman  and  Pettersson.*  They  tried  various  methods  of 
investigation,  and  finally  decided  upon  the  two  following: 

First.  Pure  silver  selenite,  AgjSeOg  was  ignited,  leaving 
behind  metallic  silver  in  the  subjoined  percentages  : 


*  Ann.  Chem.  Pharm.,  113,  32.     i860. 

f  Ber.  d.  Deutsch.  Chem.  Gesell.,  9,  1210.     1876.     Published  in  detail  by  die 
society  at  Upsala. 
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62.93 
62.95 
62.97 
62.94 
62.98 
62.98 
62.95 

Mean,  62.957,  rh  .005 

Second.  A  warm  aqueous  solution  of  selenious  acid  was 
mixed  with  HCl,  and  reduced  by  a  current  of  SO,.  The 
reduced  Se  was  collected  upon  a  glass  filter,  dried,  and 
weighed.    Percentages  of  Se  in  SeO,  : 

71.199 
71.185 

71.187 
71. 191 

Mean,  71. 191,  ±  .0016 

This  series,  combined  with  that  of  Sacc,  71.088,  ±  .032, 
gives  a  general  mean  of  71.1907,  dz  .0016. 

There  are  now  five  series  of  figures  from  which  to  deduce 
the  atomic  weight  of  selenium : 

(i.)  Per  cent,  of  Se  in  SeO,,  71.1907,  db  .0016 
(2.)  BaSeOg  :  BaSO^  : :  100  :  88.437,  d:  .013 
(3.)  Per  cent,  of  Hg  in  HgSe,  7i-7327»  ±  -003 
(4.)  Se  :  SeQ^  : :  100  :  178.696,  dr  .125 
(5.)  Per  cent  of  Ag  in  AgjSeO,,  62.957,  ±  .005 

From  these  we  get  the  following  values  for  selenium  : 

From  (I) Se  =  78.894,  dr  .018 

"      (2) «   =  78.362,  =fc  .053 

"      (3) "   =  78.700,  ±  .019 

"      (4) "   =79-174,  ±.064 

"      (5) "   =  78.819,  ±  .025 

General  mean "   =  78.797,  dtz  .011 

If  0  =  16,  Se  =  78.978. 
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TELLURIUM. 

Particular  interest  attaches  to  the  atomic  weight  of  tellu- 
rium, on  account  of  the  speculations  of  MendelejeflF.  Ac- 
cording to  the  "periodic  law"  of  that  chemist,  tellurium 
should  lie  between  antimony  and  iodine,  having  an  atomic 
weight  greater  than  120,  and  less  than  127.  Theoretically, 
MendelejeflF  assigns  it  a  value  of  Te  =  125 ;  but  all  the 
pubUshed  determinations  lead  to  a  mean  number  higher 
than  would  be  admissible  under  the  aforesaid  "periodic 
law."  Whether  theory  or  experiment  is  at  fault  remains  to 
be  discovered. 

The  first,  and  for  many  years  the  only,  determinations  of 
the  constant  in  question,  were  made  by  Berzelius.*  By 
means  of  nitric  acid  he  oxidized  tellurium  to  the  dioxide, 
and  from  the  increase  in  weight  deduced  a  value  for  the 
metal.  *He  published  only  his  final  results ;  from  which,  if 
0  =  100,  Te  =  802.121.  The  three  separate  experiments 
give  Te  =  801.74, 801.786,  and  802.838 ;  whence  we  can  cal- 
culate the  following  percentages  of  metal  in  the  dioxide : 

80.057 
80.036 
80.034 


Mean,  80.042,  d=  .005 

The  next  determinations  were  made  by  von  Hauer,t  who 
resorted  to  the  analysis  of  the  well  crystallized  double  salt 
TeBr4.2KBr.  In  this  compound  the  bromine  was  estimated 
as  silver  bromide,  the  values  assumed  for  Ag  and  Br  being 
respectively  108.1  and  80.  Recalculating,  with  our  newer 
atomic  weights  for  the  above  named  elements,  we  get  fiiom 
V.  Hauer's  analyses,  for  100  parts  of  the  salt,  the  quantities 
of  AgBr  which  are  put  in  the  third  column : 

*  Poggend.  Annal.,  28,  395.     1833. 
t  Sitzungsb.  Wien  Akad.,  25.  142. 
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2.000  gnn.  KjTeBr^  gave  69.946  per  cent.  Br.  164.460 

6.668  "  69.8443        "  164.221 

2.934  "  69.9113        "  164.379 

3.697  "  70.0163        ♦*  164.626 

1. 000  "  69.901  "  164.355 


Mean,  164.408,  dz  .045 

From  Berzelius'  series  we  may  calculate  Te  =  128.045, 
and  from  v.  Hauer's  Te  =  127.419,  Dumas,*  by  a  method 
for  which  he  gives  absolutely  no  particulars,  found  Te  =  129. 

In  1879,  with  direct  reference  to  Mendelejeff 's  specula- 
tions, the  subject  of  the  atomic  weight  of  tellurium  was 
taken  up  by  Wills.t  The  methods  of  both  Berzelius  and 
von  Hauer  were  employed,  with  various  rigid  precautions 
in  the  way  of  testing  balance  and  weights,  and  to  ensure 
purity  of  material.  In  the  first  series  of  experiments  tellu- 
rium was  oxidized  by  nitric  acid  to  form  TeO,.  The  results 
gave  figures  ranging  from  Te  =  126.31  to  129.34 : 

2.21613  grm.  Te  gave  2.77612  gnn.  TeO,. 
i-453«3  "  1.81542 

2.67093  "  3-33838 

4.77828  "  5.95748 

2.65029  "  3-3'33i 

Mean,  80.015,  ±  .041 

In  the  second  series  tellurium  was  oxidized  by  aqua  regia 
to  TeOj ;  with  results  varying  from  Te  =  127.77  to  128.00 : 

2.8501 1  grm.  Te  gave  3.56158  gnn.  TcO,.  80.024  per  cent,  Te. 

3.09673  "  3.86897  "  80.040  " 

5.09365  **  6.36612  "  80.012  *« 

3.26604  «*  4.08064  "  80.037  " 

Mean,  80.028,  dz  .004 

Combining  these  series  with  that  due  to  Berzelius,  we 
have  the  following  general  mean : 

♦Ann.  d.  Chim.  et  d.  Phys.,  (3,)  55,  129.     1859: 
f  Joum.  Cbem.  Society,  Oct.,  1879,  P-  704* 


79.828  per 

cent. 

Te. 

80.044 
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80.007 
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80.207 
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79.989 
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Berzelius 80.042,  d=  .005 

Wills,  1st  series 80.015,  d=  .041 

"      2d      "    80.028,  d=  .004 

General  mean ;..  80.035,  d=  .003 

Hence  Te  =  127.986,  ±:  .035. 

By  von  Hauer's  process,  the  analysis  of  TeBr4.2KBr, 
Will's  figures  give  results  ranging  from  Te  =  126.07  to 
127.61.  Reduced  to  a  common  standard,  100  parts  of  the 
salt  yield  the  quantities  of  AgBr  given  in  the  third  column : 

1.70673  grm.  KjTeBr,  gave  2.80499  grm.  AgBr.  164.349 

1.75225  "  2.88072  "  164.398 

2.06938  "  340739  "  164.657 

3.29794  "  543228  "  164.717 

2.46545  "  4.05742  "  164.571 

Mean,  164.538,  ±:  .048 

Combined  with  von  Hauer's  mean,  164.408,  dz  .045,  this 
gives  a  general  mean  of  164.468,  ±:  .033.  Hence  Te  = 
127.170,  ±  .173. 

The  two  independent  values  for  Te  combine  thus : 

From  TeO, Te  =  127.986,  ±  .035 

"      TeKjBrj „  «  =  127.170,  ±  .173 

General  mean **  =  127.960,  ±  .034 

If  0  =  16,  Te  =  128.254. 

A  careful  consideration  of  the  foregoing  figures,  and  of 
the  experimental  methods  by  which  they  were  obtained, 
will  show  that  they  are  not  absolutely  conclusive  with  re- 
gard to  the  place  of  tellurium  under  the  periodic  law.  The 
atomic  weight  of  iodine,  calculated  in  a  previous  chapter,  is 
126.557.  Wills^  values  for  Te,  rejecting  his  first  series  as 
relatively  unimportant,  range  from  126.07  to  128.00 ;  that 
is,  some  of  them  fall  below  the  atomic  weight  of  iodine, 
although  none  descend  quite  to  the  125  assumed  by  Men- 
delejeff". 

In  considering  the  experimental  methods,  reference  may 
properly  be  made  to  the  controversy  regarding  the  atomic 
weight  of  antimony.  It  will  be  seen  that  Dexter,  estima- 
ting the  latter  constant  by  the  conversion  of  the  metal 
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into  SbjO^,  obtained  a  value  approximately  of  Sb  =  122. 
Dumas,  working  with  SbClj,  obtained  a  similar  value. 
Schneider  and  Cooke,  on  the  other  hand,  have  established 
an  atomic  weight  for  antimony  near  120,  and  Cooke  in  par- 
ticular has  traced  out  the  constant  errors  which  lurked 
unsuspected  in  the  work  of  Dumas  and  Dexter.  Now  in 
some  physical  respects  tellurium  and  antimony  are  quite 
similar.  As  constant  errors  vitiated  the  recently  accepted 
values  for  Sb,  so  they  may  also  effect  our  estimates  for  Te. 
The  oxidation  of  Te  by  nitric  acid  resembles  in  minor  par- 
ticulars that  of  Sb.  The  analysis  of  KjTeBre,  gives  a  low 
value  for  Te,  and  yet  the  material  may  have  contained 
traces  of  oxybromides,  the  presence  of  which  would  render 
even  that  lower  value  too  high.  A  careful  revision  of  the 
atomic  weight  of  tellurium  is  still  necessary. 


VANADIUM. 


Roscoe's  determination  of  the  atomic  weight  of  vanadium 
is  the  only  one  having  any  present  value.  The  results  ob- 
tained by  Berzelius  *  and  by  Czudnowicz  f  are  unquestion- 
ably too  high ;  the  error  being  probably  due  to  the  presence 
of  phosphoric  acid  in  the  vanadic  acid  employed.  This 
particular  impurity,  as  Roscoe  has  shown,  prevents  the 
complete  reduction  of  VjOj  to  VjOj  by  means  of  hydrogen. 
All  vanadium  ores  contain  small  quantities  of  phosphorus, 
which  can  only  be  detected  with  ammonium  molybdate; 
a  reaction  unknown  in  Berzelius'  time.  Furthermore,  the 
complete  purification  of  vanadic  acid  from  all  traces  of 
phosphoric  acid  is  a  matter  of  great  difficulty,  and  probably 
never  was  accomplished  imtil  Roscoe  undertook  his  re- 
searches. 

In  his  determination    of  the   atomic  weight,  Roscoe  J 

♦Poggend.  Annal.,  22,  14.     1831. 

f  Poggend.  Annal.,  120,  17.     1863. 

X  Joum.  Chem.  Soc.,  6,  pp.  330  and  344.     1868. 
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studied  two  compounds  of  vanadium;  namely,  the  pent- 
oxide,  VjOj  and  the  oxychloride,  VOClj.  The  pentoxide, 
absolutely  pure,  was  reduced  to  VaOj  by  heating  in  hydro- 
gen, with  the  following  results : 

7.7397  gnn.  VjOj  gave  6.3827  gnn.  VjOj.  17-533  per  cent,  of  loss. 

6.5819  "  5.4296  "  17.507  " 

5.1895  «  4.2819  "  17.489  " 

5.0450  "  4.1614  "  17.515  " 

5.4296  grm.  VgOj,  reoxidized,  gave  6.5814  gnn.  V^Oj.  17.501  percent  difference. 


Mean,  17.509*  ±  -005 

Hence  V  =  51.264,  ±  .025. 

Upon  the  oxychloride,  VOClg,  two  series  of  experiments 
were  made,  one  volumetric,  the  other  gravimetric.  In  the 
volumetric  series  the  compound  was  titrated  with  solutions 
containing  known  weights  of  silver,  which  had  been  purified 
according  to  the  methods  recommended  by  Stas.  Roscoe 
publishes  his  weighings,  and  gives  percentages  deduced 
from  them;  his  figures,  reduced  to  a  common  standard, 
make  the  quantities  of  VOClg  given  in  the  third  column 
proportional  to  100  parts  of  silver.  He  was  assisted  by  two 
analysts : 

Analyst  A. 


2.4322  gnn. 

VOG 

1,  =  4.5525  gnn.  Ag. 

53.425 

4.6840 

i( 

8.7505 

«< 

53.528 

4.2188 

« 

7.8807 

(« 

53.533 

3-9490 

« 

7.3799 

«( 

53.510 

.9243 

u 

1.7267 

<« 

53.530 

1.4330 

« 

2.6769 
Analyst  B, 

«< 

53.532 

2.8530 

*< 

52853 

« 

53.980 

2.1252 

(« 

3.9535 

« 

53.755 

1.4248 

(( 

2.6642 

« 
Mean 

53-479 

,  53.586,  ±  .039 

The  gravimetric  series,  of  course,  fixes  the  ratio  between 
VOClj  and  AgCl.  If  we  put  the  latter  at  100  parts,  the 
proportion  of  VOCI3  comes  out  as  given  in  the  third 
column  : 
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Analyst  A, 

1. 8521  gnn. 

VOCl,  gave  4.5932  grm.  AgCl. 

40.323 

.7013 

« 

1.7303 

40.531 

.7486 

« 

1.8467          " 

40.537 

1.4408 

u 

3.5719 

40.337 

•9453 

« 

2.3399 

40.399 

1.6183 

1* 

4.0282          " 
Analyst  B, 

40.174 

2.1936 

« 

5.4039 

40.391* 

2.5054 

n 

6.21 18          ^' 

40.333 

185 


Mean,  40.378,  dr  .028 

These  two  series  give  us  two  values  for  the  molecular 
weight  of  VOaj : 

From  the  volumetric  series VOCl,  =  173.096,  ±  .126 

"        gravmietric    "     "      =  173.276,  ±  .141 

General  mean "      =  173.177,  d=  .094 

Hence  V  =  51.104,  ±:  .104. 

Combining  the  two  values  for  V  we  get  the  following 
result: 

From  VjOj V  =  51.264,  dr  .025 

"      VOCl, «*  =  51.104,  ±:  .104 

General  mean "  =  51.256,  dr  .024 

Or,  if  0  =  16,  V  =  51.373. 


ARSENIC. 


For  the  determination  of  the  atomic  weight  of  arsenic 
two  compounds  have  been  studied;  the  chloride  and  the 
trioxide.  The  bromide  may  also  be  considered,  since  it  was 
analyzed  by  Wallace  in  order  to  establish  the  atomic  weight 
of  bromine.  His  series,  in  the  light  of  more  recent  knowl- 
edge, may  properly  be  inverted,  and  applied  to  the  determi- 
nation of  ai;senic. 

In  1826,  Berzelius*  heated  arsenic  trioxide  with  sulphur 

♦Poggend.  Anna].,  8,  i. 
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in  such  a  way  that  only  SO  2  could  escape.  2.203  grammes 
of  AsjOg,  thus  treated,  gave  a  loss  of  1.069  of  SO,.  Hence 
As  =  74.840.  This  is  a  close  estimation ;  but,  being  drawn 
from  a  single  experiment,  has  so  little  weight  that  it  need 
not  be  included  in  our  final  general  mean. 

In  1845  Pelouze*  applied  his  method  of  titration  with 
known  quantities  of  pure  silver  to  the  analysis  of  the  tri- 
chloride of  arsenic,  AsClg.  Using  the  old  Berzelian  atomic 
weights,  and  putting  Ag  =  1349.01,  and  CI  =  443.2,  he 
found  in  three  experiments  for  As  the  values  937.9,  937.1, 
and  937.4.  Hence  100  parts  of  silver  balance  the  following 
quantities  of  AsClg : 

56.029 

56.009 

56.016 


Mean,  56.018,  ±  .004 

Later,  the  same  method  was  employed  by  Dumas,t  whose 
weighings,  reduced  to  the  foregoing  standard,  give  the  fol- 
lowing results : 

4.298  grm.  AsG,  =  7.673  gnn.  Ag.  Ratio,  56.015 

5.535             "             9.880        "  56.022 

7.660             "           13.686        **  55-970 

4.680             "             8.358        «  55.993 


Mean,  56.000,  d=  .008 

The  two  series  of  Pelouze  and  Dumas,  combined,  give  a 
general,  mean  of  56.014,  ±:  .0035,  as  the  amount  of  AsCl, 
equivalent  to  100  parts  of  silver.  Hence  As  =  74.829,  ± 
.048,  a  value  closely  agreeing  with  that  deduced  from  the 
single  experiment  of  Berzelius. 

The  same  process  of  titration  with  silver  was  applied  by 
Wallacel  to  the  analysis  of  arsenic  tribromide,  AsBr,.  This 
compound  was  repeatedly  distilled  to  ensure  purity,  and 
was  well  crystallized.    His  weighings  show  that  the  quanti- 

*  Compt.  Rend.,  20,  1047. 

t  Ann.  Chim.  Phys.,  (3,)  55,  174.     1859. 

X  Philosophical  Magazine,  (4,)  18,  279. 
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ties  of  bromide  given  in  the  third  column  are  proportional 
to  100  parts  of  silver : 

8.3246  grm.  AsBr,  =  8.58  grm.  Ag.  97023 

4.4368  "  4.573      "  97.022 

5.098  "  5.257      "  96.970  ' 


Mean,  97.005,  dz  .012 

Hence  As  =  74.046,  ±  .058.  Why  this  value  should  be 
so  much  lower  than  that  from  the  chloride  is  unexplained. 

The  volumetric  work  done  by  Kessler,*  for  the  purpose 
of  establishing  the  atomic  weights  of  chromium  and  of 
arsenic,  has  already  been  described  in  the  chromium  chap- 
ter. In  that  investigation  the  amount  of  potassium  dichro- 
mate  required  to  oxidize  100  parts  of  ASjO,  to  AsjOj  was 
determined,  and  compared  with  the  quantity  of  potassium 
chlorate  necessary  to  produce  the  same  effect.  From  the 
molecular  weight  of  KClOj,  that  of  KaCrjOT  was  then 
calculable. 

From  the  same  figures,  the  molecular  weights  of  KClOg 
and  of  KjOjOt  being  both  known,  that  of  AsjOj  may  be 
easily  determined.  The  quantities  of  the  other  compounds 
proportional  to  100  parts  of  AsjOg  are  as  follows: 


/^,Cr,0,. 

ATC/O,. 

98.95 

41.156 

98.94 

41. 116 

99.17 

41.200 

98.98 

.    41.255 

99.08 

41.201 

9915 

41.086 
41.199 

Mean,  99-045.  ±  -02^ 

41.224 

41. 161 

41.193 

41.149 

41.126 

Mean,  41.172.  db  .009 

♦Poggond.  Annal.,95,  204.     1855.     Also  113,  134.     1861. 
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Another  series  with  the  bichromate  gave  the  following 

figures : 

99.08 
99.06 
99.10 
98.97 
98.97 

Mean,  99.036,  dr  .019 
Mean  of  previous  series,  99.045,  ih  .028 

General  mean,  99.039,  dz  '016 

Other  defective  series  are  given  to  illustrate  the  partial 
oxidation  of  the  AsjOg  by  action  of  air.  The  forgoing 
figures  give  us  two  distinct  values  for  the  molecular  weight 
of  AsjOj.  In  calculating  from  the  bichromate  results  the 
value  for  chromium  deduced  from  Siewert's  determinations 
will  be  used,  viz.,  Cr  =  52.009,  ±  .025. 

From  KQO,  series AsjO,  =  197.996,  ±  .049 

"      KjCrjO,  "     "      =  197.777,  :h  0$^ 

General  mean "      =  197.894,  ±  .035 

Hence  As  =  75.002,  ±  .018. 

The  general  mean  for  As  comes  out  as  follows : 

From  AsCl, As  =  74.829,  d:  .048 

"     AsBr, "   =74.046,^.058 

"     ASjO, "   =  75.002,  ±  .018 

General  mean «•   =  74.918,  ±  .016 

If  0  =  16,  then  As  becomes  =  75.090. 


ANTIMONY. 


After  some  earlier,  unsatisfactory  determinations,  Ber- 
zelius,*  in  1826,  published  his  final  estimation  of  the  atomic 
weight  of  antimony.  He  oxidized  the  metal  by  means  of 
nitric  acid,  and  found  that  100  parts  of  antimony  gave 
124.8  of  Sb,0,.     Hence,  if  0  =  16,  Sb  =  129.03.     The 

*  Poggend.  Annal.,  8,  i. 
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value  129  remained  in  general  acceptance  until  1855,  when 
Kessler,*  by  special  volumetric  methods,  showed  that  it  was 
certainly  much  too  high.  Kessler's  results  will  be  consid- 
ered more  fully  further  along,  in  connection  with  a  later 
paper ;  for  present  purposes  a  brief  statement  of  his  earlier 
conclusions  will  suffice.  Antimony,  and  various  compounds 
of  antimony,  were  oxidized  partly  by  potassium  anhydro- 
chromate  and  partly  by  potassium  chlorate ;  and  from  the 
amounts  of  oxidizing  agent  required,  the  atomic  weight  in 
question  was  deduced  : 

By  oxidation  of  Sb^Oj  from  lOO  parts  of  Sb Sb  =  123. S4 

"  Sb  with  K,Cr,0^ "   =  123.61 

KCIO,  +  KjCfjO^. "   =  123.72 

**  SbjOjWith"     "  "        "=123.80 

"  SbjSj  with  KjCfjOt- __ «   .=  123.58 

«*  tartar  emetic "   =119.80 

The  figures  given  are  those  calculated  by  Kessler  him- 
self. A  recalculation  with  our  newer  atomic  weights  for  0, 
K,  CI,  Cr,  S,  and  C,  would  yield  slightly  lower  values.  It 
will  be  seen  that  five  of  the  estimates  agree  closely,  while 
one  diverges  widely  from  the  others.  It  will  be  shown  here- 
after that  the  concordant  values  are  all  vitiated  by  constant 
errors,  and  that  the  exceptional  figure  is  after  all  the  best. 

Shortly  after  the  appearance  of  Kessler's  first  paper, 
Schneider  t  published  some  results  obtained  by  the  reduc- 
tion of  antimony  sulphide  in  hydrogen.  The  material 
chosen  was  a  very  pure  stibnite  from  Arnsberg,  of  which 
the  gangue  was  only  quartz.  This  was  corrected  for,  and 
corrections  were  also  applied  for  traces  of  undecomposed 
sulphide  carried  off  mechanically  by  the  gas  stream,  and 
for  traces  of  sulphur  retained  by  the  reduced  antimony. 
The  latter  sulphur  was  estimated  as  barium  sulphate.  From 
3.2  to  10.6  grammes  of  material  were  taken  in  each  experi- 
ment. The  final  corrected  percentages  of  S  in  SbjSg  were 
as  follows : 


*  Poggend.  Annal.,  95,  215. 

f  Poggend.  Annal.,  98,  293.     1856.     Preliminaiy  note  in  Bd.  97. 
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28.559 
28.557 
28.501 
28.554 
28.532 
28.485 
28.492 
28.481 


Mean,  28.520,  zt  .008 

Hence,  if  S  =  32,  Sb  =  120.3. 

Immediately  after  the  appearance  of  Schneider's  memoir, 
Rose  *  published  the  result  of  a  single  analysis  of  antimony 
trichloride,  previously  made  under  his  supervision  by  Weber. 
This  analysis,  if  CI  =  35.5,  makes  Sb  =  120.7,  a  value  of 
no  great  weight,  but  in  a  measure  confirmatory  of  that  ob- 
tained by  Schneider. 

The  next  research  upon  the  atomic  weight  of  antimony 
was  that  of  Dexter,t  published  in  1857.  This  chemist,  hav- 
ing tried  to  determine  the  amount  of  gold  precipitable  by 
a  known  weight  of  antimony,  and  having  obtained  discord- 
ant results,  finally  resorted  to  the  original  method  of  Ber- 
zelius.  Antimony,  purified  with  extreme  care,  was  oxidized 
by  nitric  acid,  and  the  gain  in  weight  was  determined. 
From  1.5  to  3.3  grammes  of  metal  were  used  in  each  experi- 
ment. The  reduction  of  the  weights  to  a  vacuum  standard 
was  neglected  as  being  superfluous.  From  the  data  ob- 
tained, we  get  the  following  percentages  of  Sb  in  Sb^O^ : 

79.268 
79.272 

79.255 
79.266 

79-253 
79.271 
79.264 
79.260 
79.286 


*  Poggend.  Annal.,  98,  455.  1856. 
t  Poggend.  Annal.,  100,  563, 
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79-274 
79.232 

79.395 
79.379 


Mean,  79.283,  =h  .009 

Hence,  if  0  =  16,  Sb  =  122.46. 

The  determinations  of  Dumas*  were  published  in  1859. 
This  chemist  sought  to  fix  the  ratio  between  silver  and 
antimonious  chloride,  and  obtained  results  for  the  atomic 
weight  of  antimony  quite  near  to  those  of  Dexter.  The 
SbClj  was  prepared  by  the  action  of  dry  chlorine  upon  pure 
antimony ;  it  was  distilled  several  times  over  antimony 
powder,  and  it  seemed  to  be  perfectly  pure.  Known  weights 
of  this  preparation  were  added  to  solutions  of  tartaric  acid 
in  water,  and  the  silver  chloride  was  precipitated  without 
previous  removal  of  the  antimony.  Here,  as  Cooke  has 
since  shown,  is  a  possible  source  of  error,  for  under  such 
circumstances  the  crystalline  argento-antimonious  tartrate 
may  also  be  thrown  down  and  contaminate  the  chloride  of 
silver.  But  be  that  as  it  may ;  Dumas^  weighings,  reduced 
to  a  common  standard,  give  as  proportional  to  100  parts  of 
silver,  the  quantities  of  SbClj  which  are  stated  in  the  third 
of  the  subjoined  columns : 

1.876  grm.  SbClj  =  2.660  grm.  Ag.  70.526 


4.336 

t< 

6.148 

«< 

70.527 

5.065 

u 

7.175 

tt 

70.592 

3.475 

n 

4.930 

i€ 

70.487 

3767 

« 

5.350 

*€ 

70.411 

5.910 

" 

8.393 

*f 

70.416 

4.828 

<l 

6.836 

tt 

70.626 

Mean,  70.512,  ±  .021 

Hence,  if  Ag  =  108,  and  a  =  355,  Sb  =  122. 

In  1861  Kessler's  second  paper  f  relative  to  the  atomic 
weight  of  antimony  appeared.  Kessler's  methods  were 
somewhat  complicated,  and  for  full  details  the  original 
memoirs  must  be  consulted.  A  standard  solution  of  potas- 
sium anhydrochromate  was  prepared,  containing  6.1466 

♦Ann.  Chim.  Phys.,(3,)  55,  175. 
f  Poggend.  Annal.,  113,  145. 
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grammes  to  the  litre.  With  this,  solutions  containing 
known  quantities  of  antimony  or  of  antimony  compounds 
were  titrated,  the  end  reaction  being  adjusted  with  a  stand- 
ard solution  of  ferrous  chloride.  In  some  cases  the  titration 
was  preceded  by  the  addition  of  a  definite  weight  of  potas- 
sium chlorate,  insuflScient  for  complete  oxidation ;  the  an- 
hydrochromate  then  served  to  finish  the  reaction.  The 
object  in  view  was  to  determine  the  amount  of  oxidizing 
agent,  and  therefore  of  oxygen,  necessary  for  the  conver- 
sion of  known  quantities  of  antimonious  into  antimonic 
compounds. 

In  the  later  paper  Kessler  refers  to  his  earlier  work,  and 
shows  that  the  values  then  found  for  antimony  were  all  too 
high,  except  in  the  case  of  the  series  made  with  tartar 
emetic.  That  series  he  merely  states,  and  subsequently 
ignores,  evidently  believing  it  to  be  unworthy  of  further 
consideration.  Fpr  the  remaining  series  he  points  out  the 
sources  of  error.  These  need  not  be  rediscussed  here,  as  the 
discussion  would  have  no  value  for  present  purposes ;  suffice 
it  to  say  that  in  the  series  representing  the  oxidation  of 
SbjQa  with  anhydrochromate  and  chlorate,  the  material 
used  was  found  to  be  impure.  Upon  estimating  the  im- 
purity and  correcting  for  it,  the  earlier  value  of  Sb  =  123.80 
becomes  Sb  =  122.36,  according  to  Kessler's  calculations. 

In  the  paper  now  under  consideration  four  series  of  results 
are  given.  The  first  represents  experiments  made  upon  a 
pure  antimony  trioxide  which  had  been  sublimed,  and  which 
consisted  of  shining  colorless  needles.  This  was  dissolved, 
together  with  some  potassium  chlorate,  in  hydrochloric  acid, 
and  titrated  with  anhydrochromate  solution.  Six  experi- 
ments were  made,  but  Kessler  rejects  the  first  and  second  as 
untrustworthy.    The  data  for  the  others  are  as  follows : 


Sb,0,. 

KCIO^. 

.  K^Cr^O^  soL  in  cc. 

1.7888  gnn. 

.4527  gnn. 

19.2  cc. 

1.6523  " 

.4506  " 

3.9  " 

3.2998  " 

.8806  " 

16.5  « 

1.3438  " 

.3492  « 

10.2  " 

From  these  figures  Kessler  deduces  Sb  =  122.16. 
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These  data,  reduced  to  a  common  standard,  give  the  fol- 
lowing quantities  of  oxygen  needed  to  oxidize  100  parts  of 
SbjOg  to  SbjOg.  Each  cubic  centimetre  of  the  K,Cr,Ot 
solution  corresponds  to  one  milligramme  of  0 : 

10.985 
10.939 
10.951 
10.936 


Mean,  10.953,  dr  .0075 

In  the  second  series  of  experiments  pure  antimony  was 
dissolved  in  hydrochloric  acid  with  the  aid  of  an  unweighed 
quantity  of  potassium  chlorate.  The  solution,  containing 
both  antimonious  and  antimonic  compounds,  was  then  re- 
duced entirely  to  the  antimonious  condition  by  me^ns  of 
stannous  chloride.  The  excess  of  the  latter  was  corrected 
with  a  strong  hydrochloric  acid  solution  of  mercuric  chlo- 
ride, then,  after  diluting  and  filtering,  a  weighed  quantity 
of  potassium  chlorate  was  added,  and  the  titration  with  an- 
hydrochromate  was  performed  as  usual.  Calculated  as 
above,  the  percentages  of  oxygen  given  in  the  last  column 
correspond  to  100  parts  of  antimony : 


S6. 

3.0825  " 
4.5652  " 

0.5000  grm. 
0.9500    " 
1.4106    « 

/T^Cr^Oj  so/,  cc. 

18.3 
30.2 

45.5 

Percent.  0. 

13.088 
13.050 
13.098 

Mean,  13.079,  ±  .0096 

This  series  gave  Kessler  Sb  =  122.34. 

The  third  and  fourth  series  of  experiments  were  made 
with  pure  antimony  trichloride,  SbCl,,  prepared  by  the  action 
of  mercuric  chloride  upon  metallic  antimony.  This  prepa- 
ration, in  the  third  series,  was  dissolved  in  hydrochloric 
acid,  and  titrated.  In  one  experiment  solid  KjCrjO^  in 
weighed  amount  was  added  before  titration :  in  the  other 
two  estimations  KClOg  was  taken  as  usual.  If,  according 
to  Siewert's  work,  we  take  Cr  =  52.009,  the  percentages  of 
oxygen  in  the  last  column  correspond  to  100  parts  of  SbCl, : 
13 
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Per  cent,  O.     / 
1.8576  grm.  SbClj  needed  .5967  gnn.  KjCrjO^  and  33.4  cc.  sol.  7.0338 
1.91 18  "  .3019     "      KCIO,     "    16.2      "        7.0321 

4.1235  "  ,6801     "  "  "    23.2      "        7.0222 

Mean,  7.0294,  ±  .0024 

The  fourth  set  of  experiments  was  gravimetric.  The 
solution  of  SbClg,  mixed  with  tartaric  acid,  was  first  pre- 
cipitated by  hydrogen  sulphide,  in  order  to  remove  the 
antimony.  The  excess  of  HaS  was  corrected  by. copper 
sulphate,  and  then  the  chlorine  was  estimated  as  silver  chlo- 
ride in  the  ordinary  manner.  100  parts  of  AgCl  correspond 
to  the  amounts  of  SbClj  given  in  the  third  column. 


1.8662  grm.  SbClj 

gave  3.483  grm 

AgQ. 

53.580 

1.6832 

3- HI 

53.588 

2.7437 

5.1115 

53-677 

2.6798 

5.0025 

53.569 

5.047 

9.411 

53.629 

3.8975 

7.2585 

Mean 

53.696 
,  53.623,  ±  .015 

The  volumetric  series  with  SbClg  gave  Kessler  values  for 
Sb  ranging  from  121.16  to  121.47.  The  gravimetric  series, 
on  the  other  hapd,  yielded  results  from  Sb  =  124.12  to  124.67. 
This  discrepancy  Kessler  rightly  attributes  to  the  presence 
of  oxygen  in  the  chloride ;  and,  ingeniously  correcting  for 
this  error,  he  deduces  from  both  sets  combined,  the  value  of 
Sb  =  122.37. 

The  several  mean  results  for  antimony  agree  so  fairly 
with  each  other,  and  with  the  estimates  obtained  by  Dexter 
and  Dumas,  that  we  cannot  wonder  that  Kessler  felt  satisfied 
of  their  general  correctness,  and  of  the  inaccuracy  of  the 
figures  published  by  Schneider.  Still,  the  old  series  of  data 
obtained  by  the  titration  of  tartar  emetic  with  anhydrochro- 
mate  contained  no  evident  errors,  and  was  not  accounted 
for.  This  series,*  if  we  reduce  all  of  Kessler's  figures  to  a 
single  common  standard,  give  a  ratio  between  KjCrjOy 
and  C^H^KSbO^.JHaO.  100  parts  of  the  former  will  oxi- 
dize of  the  latter : 

*  Poggend.  Anna!.,  95,  217. 
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336.64 
338.01 
336.83 
337.93 
•  338.59 
335.79 


Mean,  337. 30,  ±  .29 

From  this,  if  K,CT,0^  =  294.64,  Sb  =  119.8. 

The  newer  atomic  weights  found  in  the  previous  chapters 
of  this  work  will  be  applied  to  the  discussion  of  all  these 
series  further  along.  It  may,  however,  be  properly  noted  at 
this  point,  that  the  probable  errors  assigned  to  the  percent- 
ages of  oxygen  in  three  of  Kessler's  series  are  too  low. 
These  percentages  are  calculated  from  the  quantities  of 
KClOg  involved  in  the  several  reactions,  and  their  probable 
errors  should  be  increased  with  reference  to  the  probable 
error  of  the  molecular  weight  of  that  salt.  The  necessary 
calculations  would  be  more  laborious  than  the  importance 
of  the  figures  would  warrant,  and,  accordingly,  in  comput- 
ing the  final  general  mean  for  antimony,  Kessler's  figures 
will  receive  somewhat  higher  weight  than  they  are  legiti- 
mately entitled  to. 

Naturally,  the  concordant  results  of  Dexter,  Kessler,  and 
Dumas  led  to  the  general  acceptance  of  the  value  of  122  for 
antimony  as  against  the  lower  figure  120  of  Schneider. 
Still,  in  1871,  Unger  *  published  the  results  of  a  single  anal- 
ysis of  Schlippe's  salt,  Na8SbS^.9H20.  This  analysis  gave 
Sb  =  119.76,  if  S  =  32  and  Na  =  23,  but  no  great  weight 
could  be  attached  to  the  determination.  It  served,  never- 
theless, to  show  that  the  controversy  over  the  atomic  weight 
of  antimony  was  not  finally  settled. 

More  than  ten  years  after  the  appearance  of  Kessler's 
second  paper  the  subject  of  the  atomic  weight  of  antimony 
was  again  taken  up,  this  time  by  Professor  Cooke.  His  re- 
sults appeared  in  the  autumn  of  ]877,t  and  were  conclusive 
in  favor  of  the  lower  value,  approximately  120.    For  fiill 


*  Archiv.  der  Phannacie,  197,  194.     Quoted  by  Cooke, 
f  Proceedings  American  Academy,  v.  13. 
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details  the  original  memoir  must  be  consulted ;  only  a  few 
of  the  leading  points  can  be  cited  here. 

Schneider  analyzed  a  sulphide  of  antimony  which  was 
already  formed.  Cooke,  reversing  the  method,  eflFected  the 
synthesis  of  this  compound.  Known  weights  of  pure  anti- 
mony were  dissolved  in  hydrochloric  acid  containing  a  little 
nitric  acid.  In  this  solution  weighed  balls  of  antimony 
were  boiled  until  the  liquid  became  coloriess ;  subsequently 
the  weight  of  metal  lost  by  the  balls  was  ascertained.  To 
the  solution,  which  now  contained  only  antimonious  com- 
pounds, tartaric  acid  was  added,  and  then,  with  a  sui>ersat- 
urated  aqueous  sulphhydric  acid,  antimony  trisulphide  was 
precipitated.  The  precipitate  was  collected  by  an  ingenious 
process  of  reverse  filtration,  converted  into  the  black  modi- 
fication by  drying  at  210°,  and  weighed.  Afler  weighing, 
the  SbjSg  was  dissolved  in  hydrochloric  acid,  leaving  a  car- 
bonaceous residue  unacted  upon.  This  was  carefully  esti- 
mated and  corrected  for.  About  two  grammes  of  antimony 
were  taken  in  each  experiment  and  thirteen  syntheses  were 
performed.  In  two  of  these,  however,  the  antimony  tri- 
sulphide was  weighed  only  in  the  red  modification,  and  the 
results  were  uncorrected  by  conversion  into  the  black  va- 
riety and  estimation  of  the  carbonaceous  residue.  In  feet, 
every  such  conversion  and  correction  was  preceded  by  a 
weighing  of  the  red  modification  of  the  SbjSj.  The  mean 
result  of  these  weighings,  if  S  =  32,  gave  Sb  =  119.994. 
The  mean  result  of  the  corrected  sjmtheses  gave  Sb  = 
120.295.  In  these  eleven  experiments  the  following  per- 
centages of  S  in  SbjSg  were  established: 

28.57 

28.60' 

28.57 

28.43 
28.42 

28.53 
28.50 
28.49 
28.58 
28.50 
28.51 

Mean,  28.5182,  dc  .0120 
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These  results,  confirmatory  of  the  work  of  Schneider, 
were  presented  to  the  American  Academy  in  1876.  Still, 
before  publication,  Cooke  thought  it  best  to  repeat  the  work 
of  Dumas,  in  order  to  detect  the  cause  of  the  old  discrepancy 
between  the  values  Sb  =  120  and  Sb  =  122.  Accordingly, 
various  samples  of  antimony  trichloride  were  taken,  and 
purified  by  repeated  distillations.  The  final  distillate  was 
further  subjected  to  several  recrystallizations  from  the  fused 
state;  or,  in  one  case,  from  a  saturated  solution  in  bisulphide 
of  carbon.  The  portions  analyzed  were  dissolved  in  con- 
centrated aqueous  tartaric  acid,  and  precipitated  by  silver 
nitrate,  many  precautions  being  observed.  The  silver  chlo- 
ride was  collected  by  reverse  filtration,  and  dried  at  temper- 
atures from  110°  to  120°.  In  one  experiment  the  antimony 
was  first  removed  by  HjS.  Seventeen  experiments  were 
made,  giving,  if  Ag  =  108  and  CI  =  35.5,  a  mean  value  of 
Sb  =  121.94.  If  we  reduce  to  a  common  standard,  Cooke's 
analyses  give,  as  proportional  to  100  parts  of  AgCl,  the 
quantities  of  SbClj  stated  in  the  third  column : 

1.5974  gnn.  Sba,  gave  3.0124  gnn.  AgCl.    53.028   ^ 

1.2533  "  2.3620  "  S3'06i 

.8876  "  1.6754  "  52.978 

.8336  "  1.5674  "  53.184 

.5326  "  1.0021  "  53*148 

.7270  "  1. 3691  "  53-^oi 

1.2679  "  2.3883  "  53.088 

1.9422  "  3.6646  "  52.999 

1.7702  "  3.3384  "  53.025 

2.5030  "  4. 7  "84  "  53.048 

2.1450  **  4.0410  **  53.081 

1.7697  «  3.3281  "  53.175 

2.3435  "  4.4157  "  53.072 

1.3686  "  2.5813  "  53.020 

1.8638  "  3.5'46  "  53030 

2.0300  "  3.8282  "  53.028 

2.4450  "  4.6086  "  53.053 


Mean,  53.J066,  ±  .0096 

This  mean  may  be  combined  with  that  of  Kessler's  series, 
as  follows : 
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Kessler 53-623,    ±.015 

Cooke 53.066,    ±.0096 


Generalmean 53.2311,  dr  .008 

The  results  thus  obtained  with  SbClj  confirmed  Dumas' 
determination  of  the  atomic  weight  of  antimony  as  remark- 
ably as  the  syntheses  of  SbjSg  had  sustained  the  work  of. 
Schneider.  Evidently,  in  one  or  the  other  series  a  constant 
error  must  be  hidden,  and  much  time  was  spent  by  Cooke 
in  searching  for  it.  It  was  eventually  found  that  the  chlo- 
ride of  antimony  invariably  contained  traces  of  oxychloride, 
an  impurity  which  tended  to  increase  the  apparent  atomic 
weight  of  the  metal  under  consideration.  If  was  also  found, 
in  the  course  of  the  investigation,  that  hydrochloric  acid 
solutions  of  antimonious  compounds  oxidize  in  the  air  dur- 
ing boiling  ad  rapidly  as  ferrous  compounds ;  a  fact  which 
explains  the  high  values  for  antimony  found  by  Kessler. 

In  order  to  render  "assurance  doubly  sure,"  Professor 
Cooke  also  undertook  the  analysis  of  the  bromide  and  the 
iodide  of  antimony.  The  bromide,  SbBrj,  was  prepared  by 
adding  tha  finely  powdered  metal  to  a  solution  of  bromine 
in  carbon  disulphide.  It  was  purified  by  repeated  distilla- 
tion over  pulverized  antimony,  and  by  several  recrystalliza- 
tions  from  bisulphide  of  carbon.  The  bromine  determina- 
tions resembled  those  of  chlorine,  and  gave,  if  Ag  =  108 
and  Br  =  80,  a  mean  value  for  antimony  of  Sb  =  120. 
Reduced  to  a  common  standard,  the  fifteen  analyses  give 
the  subjoined  quantities  of  SbBrj  proportional  to  100  parts 
of  silver  bromide : 


1. 862 1  gnn.  SbBr,  gave  2.9216  grm.  AgBr. 


.9856 
1.8650 

1.5330 
1.3689 
I. 2124 

.9417 
2.5404 
1.5269 
1.8604 
1.7298 


f.5422 
2.9268 
2.4030 
2.1445 
1.8991 
1.4749 
3-9755 
2.3905 
2.9180 
2.7083 


63.736 
63.909 
63.721 
63.795 
63.833 
63.841 
63.848 
63.901 
63.874 
65.756 
63.870 
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3.2838  gnn.  SbBr,gave  5.1398 
2.3589               "               3.6959 
1.3323               "               2.0863 
2.6974               "               4.2285 

SIONY. 

gnn.  AgBr. 
i< 
(( 
(i 

Mean 

63.890 
63.825 
63.859 
63.791 

►  63.830,  zt  .008 
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^  The  iodide  of  antimony  was  prepared  like  the  bromide, 
and  analyzed  in  the  same  way.  At  first,  discordant  results 
were  obtained,  due  to  the  presence  of  oxyiodide  in  the  iodide 
studied.  The  impurity,  however,  was  removed  by  sublim- 
ing the  iodide  in  an  atmosphere  of  dry  carbon  dioxide. 
With  this  purer  material,  seven  estimations  of  iodine  were 
made,  giving,  if  Ag  =  108  and  I  =  127,  a  value  for  anti- 
mony of  Sb  =  120.  Reduced  to  a  uniform  standard,  Cooke's 
weighings  give  the  following  quantities  of  Sblg  proportional 
to  100  parts  of  silver  iodide  : 


1. 1877  gnn.  Sbljgave  1.6727  gnn. 


.4610 

.6497 

3.2527 

4.5716 

1.8068 

2.5389 

1.5970 

2.2456 

2.3201 

3.2645 

.3496 

.4927 

Agl.  71.005 

70.956 
71.150 
71.165 
71. 117 
71.071 
70.956 


Mean,  71.060,  d:  .023 

Although  Cooke's  work  was  practically  conclusive,  as 
between  the  rival  values  for  antimony,  his  results  were 
severely  criticized  by  Kessler,*  who,  evidently,  had  read 
Cooke's  paper  in  a  very  careless  way.  On  the  other  hand, 
Schneider  published  in  Poggendorff's  Annalen  a  friendly 
review  of  the  new  determinations,  which  so  splendidly  vin- 
dicated his  own  accuracy.  In  reply  to  Kessler,  Cooke  un- 
dertook still  another  series  of  experiments  with  antimony 
bromide,t  and  obtained  absolute  confirmation  of  his  pre- 
vious results.  To  a  solution  of  antimony  bromide  was 
added  a  solution  containing  a  known  weight  of  silver  not 
quite  suflScient  to  precipitate  all  the  bromine.    The  excess 

♦Bcrichte  d.  Dentsch.  Chem.  Gesell.,  12,  1044.     1879. 

t  Amer.  Jouni.  Sci.  and  Arts,  May,  1880.     Berichte,  I3»  951. 
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of  the  latter  was  estimated  by  titration  with  a  normal  silver 
solution.  Five  analyses  gave  values  for  antimony  ranging 
from  119.98  to  120.02,  when  Ag  =  108  and  Br  =  80.  Re- 
duced to  a  common  standard,  the  weights  obtained  gave 
the  amounts  of  SbBig  stated  in  the  third  column  as  propor- 
tional to  100  parts  of  silver : 

2.5032  gnn.  SbBfj  =  2.2528  grm.  Ag.  111.115 

2.0567  *•  1.8509        "  1 1  I.I  19 

2.6512  •'  2.3860        "  III. 115 

3.3053  "    .         2.9749        "  1 1 1. 106 

2.7495  "  2.4745        "  1 1 1. 1 13 

Mean,  111.114,  ±.0014 

Schneider,*  also,  in  order  to  more  fully  answer  Kessler's 
objections,  repeated  his  work  upon  the  Arnsberg  stibnite. 
This  he  reduced  in  hydrogen  as  before,  correcting  scrupu- 
lously for  impurities.    The  following  percentages  of  sulphur 

were  found : 

28.546 

2«.S34 
28.542 

Mean,  28.541,  ±  .0024 

These  figures  confirm  his  old  results,  and  may  be  feirly 
combined  with  them  and  with  the  percentages  found  by 
Cooke,  as  follows  : 

Schneider,  early  series 28.520,    db  .008 

"  late       "     -— 28.541,    d=  .0024 

Cooke 28.5182,  ±  .0120 

General  mean 28.5385,  db  .0023 

We  have  now  before  us  the  following  ratios,  good  and 
bad,  from  which  to  calculate  the  atomic  weight  of  antimony. 
The  single  results  obtained  by  Weber  and  by  Unger,  being 
unimportant,  are  not  included : 

(I.)  Percentage  of  S  in  Sb^Sj,  28.5385,  ±  .0023 

(2. )  "  Sb  in  Sb,0^,  79. 283,  ±  .009 

(3.)  O  needed  to  oxidize  100  parts  SbCl,,  7.0294,  dz  .0024 

(4.)  O  "  "  SbjOj,  10.953,  dz  .0075 

(5.)  O  "  "  Sb,  13.079,  ±:  .0096 

*  Joum.  Hir  Prakt.  Chem.,  (2,)  22,  131. 
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(6.)  KjCfjO^  :  tartar  emetic  : :  loo  :  337.30,  ±  .29 

(7.)  Ag  :  SbCl,  : :  100  :  70.512,  dz  .021 

(8.)  AgCl  :  SbCl,  • :  100  :  53.2311,  zfc  .008 

(9.)  Ag  :  SbBr,  : :  100  :  1 1 1. 1 14,  rb  .0014 
(10.)  AgBr  :  SbBr,  : :  100  :  63.830,  ±  .008 
(II.)  Agl  :  Sbl,  : :  100  :  71.060,  ±  .023 

Three  of  these  ratios  give  estimates  for  the  molecular 
weight  of  antimony  trichloride,  and  two  give  correspond- 
ing values  for  the  bromide.  These  values  may  be  combined, 
as  follows :  First,  for  the  chloride  we  have — 

From   (3) — SbCl,=r  227.094,  =fc  .115 

"       (7) "     =227.771,^.091 

"       (8) "     =228.433,^.039 

General  mean "      =  228.225,  ±  .034 

Hence  Sb  =  122.115,  ±  .055. 
For  the  bromide  we  get : 

From  (9). SbBr,  =  358.926,  db  .032 

"    (10) -.     «     =  358.935»  ±  .060 

General  mean "      =  358.929,  d=  .029 

Hence  Sb  =  119.625,  ±  .063. 

From  all  the  data  eight  values  for  Sb  may  be  deduced. 
These  fall  into  two  groups ;  the  one  near  the  number  120, 
the  other  not  far  from  122.  In  making  the  calculation  the 
atomic  weights  found  in  previous  chapters  are  applied; 
the  value  selected  for  chromium  being  that  deduced  from 
Siewert's  experiments : 

1.  From  Sb^S,,  ratio  (i) Sb  =  120.145,  ±  .045 

2.  "      SbBr, "  =  119.625,  ±  .063 

3.  "      Sbl,,  ratio  (ii) "  =  119.665,  ±  .179 

4.  «      tartar  emetic,  ratio  (6) "  =  118.690,  dr  .278 

5.  "      SbjO^,  ratio  (2) "  =  122. 181,  ±  .061 

6.  "      Sba, J "  =  122.115,  ±  .055 

7.  "      ratio  (4) "=  121.798,  ±  .105 

8.  "         "    (5) "  =  122.053,  zt  .094 

General  mean "  =  121.027,  dr  .025 

General  mean  of  values  I  to  4—  "    =  119.935,  ±  .036 
"  "  5  "  8—  «♦   =  122.092,  ±  .035 

Although  the  means  of  the  four  lower  values  and  of  the 
four  higher  values  are  thus  shown  to  be  approximately 


Low. 


High. 
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equal  in  weight,  we  know  from  Cooke's  experiments  that 
the  larger  mean  is  vitiated  by  serious  constant  errors.  Only 
in  value  5,  the  result  calculated  from  Dexter's  experiments, 
has  the  constant  error  not  been  pointed  out.  Cooke  consid- 
ers it  probable,  however,  that  the  Sb,04  involved  in  this 
work  contained  traces  of  some  lower  oxide,  which,  if  present, 
would  render  the  atomic  weight  of  antimony  apparently  too 
high.  Chemically  considered,  the  preponderance  of  evi- 
dence is  strongly  in  favor  of  values  1  to  3,  deduced  firom 
the  experiments  of  Schneider  and  of  Cooke.  These  give  a 
general  mean  of  Sb  =  119.955,  ±  .036;  or,  if  0  =  16,  this 
becomes  Sb  =  120.231. 

This  we  may  accept  as  most  nearly  the  true  result,  and 
reject  the  data  of  Dexter,  Dumas,  and  Kessler  altogether. 

Since  this  chapter  was  written,  Pfeifer  has  compared  the 
amount  of  antimony  thrown  down  electrolytically,  with  the 
quantity  of  silver  deposited  by  the  same  current  in  the  same 
time.  From  rather  meagre  data  he  concludes  that  the  atomic 
weight  of  antimony,  thus  determined,  may  be  121.  Addi- 
tional investigation  is  promised.  The  figures  thus  far  pub- 
lished would  weigh  little  as  against  Cooke's  experiments. 
(Ann.  Chem.  Pharm.,  209, 161.     1881.) 


BISMUTH. 


Early  in  the  century  the  combining  weight  of  bismuth 
was  approximately  fixed  through  the  experiments  of  Lager- 
hjelm.*  Effecting  the  direct  union  of  bismuth  and  sulphur, 
he  found  that  ten  parts  of  the  metal  yield  the  following  quan- 
tities of  trisulphide : 

12.2520 

12.2065 

12.2230 

12.2465 

Mean,  12.2320 
*  Annals  of  Philosophy,  4,  358.     18 14.     Results  adopted  by  Bereelius. 
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Hence  B  =  215  in  round  numbers,  a  value  now  known 
to  be  much  too  high.  Lagerhjelm  also  oxidized  bismuth 
with  nitric  acid,  and,  after  ignition,  weighed  the  trioxide 
thus  formed.  Ten  parts  of  metal  gave  the  following  quan- 
tities of  BigOg : 

1 1. 1382 

11.1275 

Mean,  ii.  13285 

Hence,  if  0  =  16,  Bi  =  211.85,  a  figure  still  too  high. 

In  1851  the  subject  of  the  atomic  weight  df  bismuth  was 
taken  up  by  Schneider,*  who,  like  Lagerhjelm,  studied  the 
oxidation  of  the  metal  with  nitric  acid.  The  work  was 
executed  with  a  variety  of  experimental  refinements,  by 
means  of  which  every  error  due  to  possible  loss  of  material 
was  carefully  avoided.  For  full  details  the  original  paper 
must  be  consulted ;  there  is  only  room  in  these  pages  for  the 
actual  results,  as  follows.  The  figures  represent  the  percen- 
tages of  Bi  in  BijOg : 

89.652 
89.682 
89.644 
89.634 
89.656 
89.666 
89.655 
89.653 

Mean,  89.6552,  ±.  .0034 

Hence  Bi  =  207.523,  ±  .082 ;  or,  if  0  =  16,  Bi  =  208.001. 

Finally,  we  come  to  the  results  obtained  by  Dumas.f 
Bismuth  trichloride  was  prepared  by  the  action  of  dry 
chlorine  upon  bismuth,  and  repeatedly  rectified  by  dis- 
tillation over  bismuth  powder.  The  product  was  weighed 
in  a  closed  tube,  dissolved  in  water,  and  precipitated  with 
sodium  carbonate.    In  the  filtrate,  after  strongly  acidulating 

*  Poggend.  Annal.  ,82,  303 .  1 85 1 . 

t  Ann.  de  Chim.  et  de  Phys.,  (3,)  55,  176.  1859. 
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with  nitric  acid,  the  chlorine  was  precipitated  by  a  known 
amount  of  silver.  The  figures  in  the  third  column  show 
the  quantities  of  BiCl,  proportional  to  100  parts  of  silver : 


3.506  gnu. 

BiCl,= 

:  3.545  grm. 

Ag. 

98.900 

1. 149 

u 

1. 168 

It 

98.373 

1.5965 

(( 

1.629 

««• 

98.005 

2.1767 

« 

2.225 

« 

97.829 

3.081 

t( 

3.144 

« 

97.996 

2.4158 

« 

2.470 

tt 

97.806 

1.7107 

<4 

1.752 

« 

97.643 

3.523 

« 

3.6055 

« 

97.712 

5.241 

« 

5.361 

« 

97.762 
Mean,  98.003, 

Hence  Bi  =  210.464,  ±  .294 


±  .090 


The  first  three  of  the  foregoing  series  of  experiments  were 
made  with  slightly  discolored  material,  and  may  therefore 
be  rejected.  The  remaining  six  percentages  give  a  mean  of 
97.791;  whence  Bi  =  209.78;  or,  if  0  =  16,  Bi  =  210.26. 

As  between  the  unaccordant  results  of  Schneider  and  of 
Dumas,  those  of  the  former  chemist  are  probably  nearest 
correct.  His  method  of  determination  was  the  more  reliable, 
and  the  details  which  he  gives  concerning  his  manipulations 
afibrd  strong  presumptions  of  accuracy.  Doubtless  the  bis- 
muth trichloride  used  by  Dumas,  contained,  like  the  corres- 
ponding antimony  compounds,  traces  of  oxychloride.  We 
may  fairly  assume,  for  all  practical  purposes,  that  the  atomic 
weight  of  bismuth  cannot  be  far  from  208. 


TIN. 

Stannic  oxide  and  stannic  chloride  are  the  compounds 
which  have  been  studied  in  estimating  the  atomic  weight 
of  tin. 

The  composition  of  stannic  oxide  has  been  fixed  in  two 
ways;  by  synthesis  from  the  metal,  and  by  reduction  in 
hydrogen.  For  the  first  method  we  may  consider  the  work 
of  Berzelius,  Mulder  and  Vlaanderen,  and  Dumas. 
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Berzelius  *  oxidized  100  parts  of  tin  by  nitric  acid,  and 
found  that  127.2  parts  of  SnOj  were  formed. 

The  work  done  by  Mulder  and  Vlaanderen  f  was  done  in 
•connection  with  a  long  investigation  into  the  composition  of 
Banca  tin,  which  was  found  to  be  almost  absolutely  pure. 
For  the  atomic  weight  determinations,  however,  really  pure 
tin  was  taken,  prepared  from  pure  tin  oxide.  This  metal 
was  oxidized  by  nitric  acid,  with  the  following  results.  100 
parts  of  tin  gave  of  SnO, : 

127.56— Mulder. 
127.56 — Vlaanderen. 
127.43— 


Mean,  127.517,  db  .029 

Dumas  J  oxidized  pure  tin  by  nitric  acid  in  a  flask  of 
glass.  The  resulting  fenO,  was  strongly  ignited,  first  in  the 
flask,  and  afterwards  in  platinum.  His  weighings,  reduced 
to  the  foregoing  standard,  give  for  dioxide  from  100  parts 
of  tin  the  amounts  stated  in  the  third  column : 

12.443  Snn.  Sn  gave  15.820  gnn.  SnO,.  127.14 

15.976  "  20.301  "  127.07 


Mean,  127.105,  =b  '024 

In  an  investigation  later  than  that  previously  cited, 
Vlaanderen  ||  found  that  when  tin  was  oxidized  in  glass  or 
porcelain  vessels,  and  the  resulting  oxide  ignited  in  them, 
traces  of  nitric  acid  were  retained.  When,  on  the  other 
hand,  the  oxide  was  strongly  heated  in  platinum,  the  latter 
was  perceptibly  attacked,  so  much  so  as  to  render  the  results 
uncertain.  He  therefore,  in  order  to  fix  the  atomic  weight 
of  tin,  reduced  the  oxide  by  heating  it  in  a  porcelain  boat 
in  a  stream  of  hydrogen.  Two  experiments  gave  Sn  = 
118.08,  and  Sn  =  118.24.  These,  when  0  =  16,  become,  if 
reduced  to  the  above  common  standard, 

*  Poggend.  Annal.,  8,  177. 

t  Joum.  fiir  Prakt.  Chem.,  49,  35.     1849. 

J  Ann.  Chem.  Phann.,  113,  26. 

II  Jahresbericht,  1858,  183. 
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127.103 
127.064 


Mean,  127.082,  d=  .012 

We  have  now  four  series  of  results  showing  the  quantity 
of  SnO,  formed  from  100  parts  of  tin.  To  Berzelius'  single 
value  may  be  assigned  the  probable  error  of  a  single  experi- 
ment in  Mulder  and  Vlaanderen's  series : 

Berzelius 127.200,  ±  .041 — Oxidation. 

Mulder  and  Vlaanderen I27-5I7»  ±  .029—        " 

Dumas 127.105,^.024—        " 

Vlaanderen 127.082,  ±  .012 — Reduction. 


General  mean 127.143,  ±  .0098 

Dumas,  in  the  paper  previously  quoted,  also  gives  the 
results  of  some  experiments  with  stannic  chloride,  SnCl^. 
This  was  titrated  with  a  solution  containing  a  known  weight 
of  silver.  From  the  weighings  given,  100  parts  of  silver 
correspond  to  the  quantities  of  SnCl^  named  in  the  third 
column :  ^ 

1.839  gnn.  SnCl^  =  3.054  gnn.  Ag.  60.216 

2.665  "  4-427        "  60.199 

Mean,  60.207,  ^  -oo^ 

All  these  data  properly  combined  give  us  the  following 
values  for  the  atomic  weight  of  tin  : 

From  SnO, Sn  =  117.624,  ±  .050 

"     SnCl^, _-.  "  =  ii7-832»  ±  .067 

General  mean *•  =  117.698,  ±  .040 

If  0  =  16,  this  becomes  Sn  =  117.968. 
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TITANIUM. 

The  earliest  determinations  of  the  atomic  weight  of  tita- 
nium are  due  to  Heinrich  Rose.*  In  his  first  investigation 
he  studied  the  conversion  of  titanium  sulphide  into  titanic 
acid,  and  obtained  erroneous  results ;  later,  in  1829,  he  pub- 
lished his  analyses  of  the  chloride.f  This  compound  was 
purified  by  repeated  rectifications  over  mercury  and  over 
potassium,  and  was  weighed  in  bulbs  of  thin  glass.  These 
were  broken  under  water  in  tightly  stoppered  flasks ;  the 
titanic  acid  was  precipitated  by  ammonia,  and  the  chlorine 
was  estimated  as  silver  chloride.  The  following  results  were 
obtained.  In  a  fourth  column  I  give  the  TiOj  in  percent- 
ages referred  to  TiCl^  as  100;  and  in  a  fifth  column  the 
quantity  of  TiCl^  proportional  to  100  parts  of  AgCl: 

yVC/^.                TiO^.                AgCL       Percent.  TiO^.  AgCl RaHo, 

.88s  g"n.        -379  g™>.  2.661  grin.        42.825  Ttl-'^^^ 

2.6365  "  1. 120    "  7.954    "            42.481  33- H7 

1-7157  "            '732    "  5»72    "            42.665  33.173 

3.0455  "  1.322    "  9.198    "            43-423  IZ'ioo  ^ 

2.4403  «  1.056    "  7.372    "            43273  33»02 


Mean,  42.933»  =t  .121      33.156,  i  .019 

If  we  directly  compare  the  AgCl  with  the  TiO,  we  shall 
find  100  parts  of  the  former  proportional  to  the  following 
quantities  of  the  latter : 

14.243 
14.081 

14.153 
14.373 
14.324 


Mean,  14.235,  ±  .036 

From  all  these  figures  we  can  get  three  values  for  Ti,  thus : 

*  Gilbert's  Annalen,  1823,  67  said  129. 

t  Poggcnd.  Annal.,  15,  145.     Berz.  Lehrbuch,  3,  1210. 
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From  per  cent.  TiO, Ti  =  50.493,  db  .410 

"     AgCl :  TiCl^ "  =  48.232,  ±  .127 

"     AgCl :  TiO, "  =  49-523.  ±  .206 

General  mean "  =  48.710,  ±  .105 

These  results  will  be  discussed  further  along  in  connection 
with  others. 

Shortly  after  the  appearance  of  Rose's  paper,  Mosander  * 
published  some  figures  giving  the  percentages  of  oxygen  in 
titanium  dioxide,  from  which  a  value  for  the  atomic  weight 
of  titanium  was  deduced.  Although  no  details  are  furnished 
as  to  experimental  methods,  and  no  actual  weighings  are 
given,  I  cite  his  percentages  for  whatever  they  may  be  worth : 

40.814 
40.825 
40.610 
40.180 
40.107 
40.050 
40.780 
40.660 
39.830 


Mean,  40.428 

These  figures  give  values  for  Ti  ranging  from  46.277  to 
48.231 ;  or,  in  mean,  Ti  =  47.045.  They  are  not,  however, 
suflSciently  explicit  to  deserve  any  further  consideration. 
It  will  be  noticed  that  the  highest  value  nearly  coincides 
with  Rose's  lowest. 

In  1847  Isidor  Pierre  made  public  a  series  of  important 
determinatioiis.t  Titanium  chloride,  free  from  silicon  and 
from  iron,  was  prepared  by  the  action  of  chlorine  upon  a 
mixture  of  catbon  with  pure,  artificial,  titanic  acid.  This 
chloride  was  weighed  in  sealed  tubes,  these  were  broken 
under  water,  and  the  resulting  hydrochloric  acid  was 
titrated  with  a  standard  solution  of  silver  after  the  method 


*  Berz.  Jahresbericht,  lo,  io8.     1831. 
t  Ann.  de  Chim.  et  Phys.,  (3,)  20,  257. 
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of  Pelouze.    I  subjoin  Pierre's  weighings,  and  add,  in  a 
third  column,  the  ratio  of  TiCl^  to  100  parts  of  silver: 


TiCl^. 

Ag^ 

Ratic. 

.8215  gnn. 

1.84523 

gnn. 

44.520 

.7740  " 

1.73909 

« 

44.506 

.7775  " 

1. 74613 

u 

44.527 

.7160  ** 

I.61219 

« 

44.412 

.8085  " 

1.82344 

<( 

44.339 

.6325  " 

1.42230 

tt 

44.470 

.8155  " 

1.83705 

«t 

44.392 

.8165  " 

1.83899 

It 

44.399 

.8065  " 

I. 81965 

tt 

44322 

Mean,  44-432, 

.0173 

It  will  be  seen  that  the  first  three  of  these  results  agree 
well  with  each  other  and  are  much  higher  than  the  remain- 
ing six.  The  last  four  experiments  were  made  purposely 
with  tubes  which  had  been  previously  opened,  in  order  to 
determine  the  cause  of  the  discrepancy.  *  According  to 
Pierre,  the  opening  of  a  tube  of  titanium  chloride  admits  a 
trace  of  atmospheric  moisture.  This  causes  a  deposit  of 
titanic  acid  near  the  mouth  of  the  tube,  and  liberates  hydro- 
chloric acid.  The  latter  gas  being  heavy,  a  part  of  it  falls 
back  into  the  tube,  so  that  the  remaining  chloride  is  richer 
in  chlorine  and  poorer  in  titanium  than  it  should  be. 
Hence,  upon  titration,  too  low  figures  for  the  atomic  weight 
of  titaxiium  are  obtained.  Pierre  accordingly  rejects  all  but 
the  first  three  of  the  above  estimations : 

From  all  of  Pierre's. ...Ti  =  49.889,  ±  .096 

"     the  first  three "  =  50.259,  ±  .063 

The  memoir  of  Pierre  upon  the  atomic  weight  of  titanium 
was  soon  followed  by  a  paper  from  Demoly,*  who  obtained 
much  higher  results.  He  also  started  out  from  titanic  chlo- 
ride, which  was  prepared  from  rutile.  The  latter  substance 
was  found  to  contain  1.8  per  cent,  of  silica ;  whence  Demoly 
inferred  that  the  TiCl4  investigated  by  Rose  and  by  Pierre 

♦  Ann.  Chem.  Pharm.,  72,  214.     1849.     ^c".  Jahresb.,  30,  58. 
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might  have  been  contaminated  with  SiCl^,  an  impurity 
which  would  lower  the  value  deduced  for  the  atomic  weight 
under  consideration.  Accordingly,  in  order  to  eliminate  all 
such  possible  impurities,  this  process  was  resorted  to:  the 
chloride,  after  rectification  over  mercury  and  potassium,  was 
acted  upon  by  dry  ammonia,  whereupon  the  compound 
TiCl4.4NH3  was  deposited  as  a  white  powder.  This  was 
ignited  in  dry  anmionia  gas,  and  the  residue,  by  means  of 
chlorine,  was  reconverted  into  titanic  chloride,  which  was 
again  repeatedly  rectified  over  mercury,  potassium,  and 
potassium  amalgam.  The  product  boiled  steadily  at  135°. 
This  chloride,  after  weighing  in  a  glass  bulb,  was  decomposed 
by  water,  the  titanic  acid  was  precipitated  by  ammonia,  and 
the  chlorine  was  estimated  in  the  filtrate  as  silver  chloride. 
Three  analyses  were  performed,  yielding  the  following  re- 
sults.   I  give  the  actual  weighings  : 

1.470  grm.  TiCl^  gave  4.241  grm.  AgCl  And  .565  grm.  TiO,. 
2.330  "  6.752  «  .801  " 

2.880  "  8.330  "  1.088 

The  ".801 "  in  the  last  column  is  certainly  a  misprint  for 
.901.  Assuming  this  correction,  the  results  may  be  given 
in  three  ratios,  thus : 

Per  cent,  TiO^from  TiCl^,       TiCl^  :  100  Aga,  TYO^  ':  100  AgCl, 
38.435                                    34.662  13.322 

38.669  34.508  13344 

37.778  34.574  13.061 

Mean,  38.294,  dr  .180  34.58i>  =fc  .030  13.242,  ±  .061 

These  three  ratios  give  three  widely  divergent  values  for 
the  atomic  weight  of  titaniun ; 

From  per  cent.  TiO, Ti  =  36.063,  ±  .519 

"     AgCl  :  TiO,  - "  =  43.841,  ±  .350 

"     AgCl  :  Tia^  — "  =  56.386,  ±  .  181 

General  mean "  =  52.191,  ±  .153 

The  value  assumed  by  Demoly  is  56 ;  who  employs  but 
one  ratio  and  ignores  practically  the  others. 
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Upon  comparing  Demoly'e  figures  with  those  obtained  by 
Rose,  certain  points  of  similarity  are  plainly  to  be  noted. 
Both  sets  of  results  were  reached  by  essentially  the  same 
method ;  and  in  both  the  discordance  between  the  percent- 
ages of  titanic  acid  and  of  silver  chloride  is  glaring.  This 
discordance  can  rationally  be  accounted  for  by  assuming 
that  the  titanic  chloride  was  in  neither  case  absolutely 
what  it  purported  to  be;  that,  in  brief,  it  must  have  con- 
tained impurities;  such  for  example  as  hydrochloric  acid, 
as  shown  in  the  experiments  of  Pierre,  or  possibly  traces  of 
oxychlorides.  Considerations  of  this  kind  also  throw  doubt 
upon  the  results  attained  by  Pierre,  for  he  neglected  the 
direct  estimation  of  the  titanic  acid  altogether,  thus  leaving 
us  without  means  for  correctly  judging  as  to  the  character 
of  his  material.  In  fact,  not  one  of  the  determinations  of 
the  atomic  weight  of  titanium  can  be  regarded  as  trust- 
worthy. All  depend  upon  the  chloride,  and  the  volatile 
chlorides  of  metals  are  as  a  class  especially  liable  to  con- 
taminations of  a  kind  most  difficult  to  recognize.  Possibly 
a  series  of  good  determinations  might  be  based  upon  analy- 
ses of  some  of  the  titanofluorides.  I  subjoin  a  combination 
of  the  foregoing  mean  values,  feeling  that  such  a  general 
average  is  a  little  better  than  any  one  set  of  determinations 
taken  singly : 

From  Rose*s  analyses Ti  =r  48.710,  ±  .105 

"    Pierre's      "      "=  49.889,  d=  .096 

"    Demoly's  "      "  =  52.191,  ±  .153 

General  mean "  =  49.846,  dr  .064 

Or,  if  O  =  16,  Ti  =  49.961. 

This  mean  agrees  with  the  average  of  all  of  Pierre's  ex- 
periments. 
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ZIRCONIUM. 

The  atomic  weight  of  zirconium  has  been  determine4  by 
Berzelius,  by  Hermann,  and  by  Marignac.  Berzelius*  ig- 
nited the  neutral  sulphate,  and  thus  ascertained  the  ratio  in 
it  between  the  ZvO^  and  the  SO  3.  Putting  SO,  at  100,  he 
gives  the  following  proportional  quantities  of  ZrO, : 

75.84 
75.92 
75.80 
75.74 

75-97 
7585 


Mean,  75.853»  ±  .023 

Hence  Zr  =  89.255,  ±  .039;  or,  if  0  =  16,  then  Zr  = 
89.461. 

Hermann's!  estimate  of  the  atomic  weight  of  zirconium 
was  based  upon  analyses  of  the  chloride,  concerning  which 
he  gives  no  details  or  weighings.  From  sublimed  zirconium 
chloride  he  finds  Zr  =  831.8,  when  0  =  100 ;  and  from  two 
lots  of  the  basic  chloride  2ZrOaa.9H,0,  Zr  =  835.66  and 
851.40  respectively.  The  mean  of  all  three  is  839.62; 
whence,  with  modern  formulae  and  0  =  15.9633,  Zr  becomes 
=  89.354. 

Marignac's  results  t  were  obtained  by  analyzing  the  double 
fluoride  of  zirconium  and  potassium.  His  weights  are  as 
follows : 

1. 000  grm.  gave  .431  grm.  ZrO,  and  .613  grm.  K^S04. 
2.0CX)    "    .864      "     1.232    " 
.654    "    .282      "      .399 
5.000    "    2.169      "     3.078    " 

These  figures  give  us  three  ratios.    A,  the  ZrO,  from  100 

*  Poggend.  Annal.,  4,  126.  1825. 

f  Joum.  fUr  Prakt.  Chem.,  31,  77.     Berz.  Jahresb.,  25,  147. 

X  Ann.  Chim.  Phys.,  (3,)  60,  270.     i860. 
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parts  of  salt;  B,  the  K^SO^  from  100  parts  of  salt;  and  C, 

the  ZrO,  proportional  to  100  parts  of  KgSO^ : 

A.  B.  c. 

43.100  61.300  70-310 

43.200  61.600  70.130 

43.119  61.000  70.677 

43.380  *    61.560  70.468 

Mean,  43.200,  db  .043         61.365,  ±  .094         70. 396,  ±  .079 

From  A Zr  =  89.775,  rfc  .216 

«      B "  =-  91.408,  ±  .437 

"      C "  =  90.476,  d=  .138 

General  mean "  =  90.328,  ±  .113 

Or,  if  O  =  16,  Zr  =  90.536. 

Combining  with  Berzelius'  work  we  get  this  result : 

Berzelius Zr  =  89.255,  d=  .039 

Marignac «*  =  90.328,  db  .113 

General  mean **  =  89.367,  db  .037 

Or,  if  0  =  16,  Zr  =  89.573. 

These,  figures  need  little  criticism.  They  show  conclu- 
sively that  the  atomic  weight  of  zirconium  ought  to  be 
redetermined.  Probably  the  method  employed  by  Berze- 
lius was  the  best  with  respect  to  manipulation,  while  on 
the  other  hand  it  is  likely  that  Marignac  worked  with 
purer  m?i.terial.  Hermann's  experiments  could  hardly  have 
yielded  certain  results,  since  the  zirconium  chloride  might 
so  easily  become  contaminated  with  traces  of  moisture  and 
thence  of  oxygen. 
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THORIUM. 

The  atomic  weight  of  thorium  has  been  determined  from 
analyses  of  the  sulphate,  oxalate,  formate,  and  acetate,  with 
widely  varying  results.  The  earliest  figures  are  due  to  Ber- 
zelius,*  who  worked  with  the  sulphate,  and  with  the  double 
sulphate  of  potassium  and  thorium.  The  thoria  was  pre- 
cipitated by  ammonia,  and  the  sulphuric  acid  was  estimated 
as  BaS04.  The  sulphate  gave  the  following  ratios  in  two 
experiments.  The  third  column  represents  the  weight  of 
ThO,  proportional  to  100  parts  of  BaS04  • 

.6754  grm.  ThOj  =  1.159  grm.  BaSO^.  Ratio,  58.274 

1.0515  "  1.832  "  «      57396 

The  double  potassium  sulphate  gave  .265  grm.  ThO,,  .156 
grm.  SOs,  and  .3435  K^SO^.  The  SO3,  with  the  Berzelian 
atomic  weights,  represents  .4537  grm.  BaS04.  Hence  100 
BaSO^  is  equivalent  to  58.408  ThO,.  This  figure,  combined 
with  the  two  previous  values  for  the  same  ratio,  give  a  mean 
of  58.026,  ±  .214.    Hence  ThO,  =  269.940,  ±  .997. 

From  the  ratio  between  the  KjSO^  and  the  ThO,  in  the 
double  sulphate,  ThO,  =  268.284. 

In  1861  new  determinations  were  published  by  Chyde- 
nius,t  whose  memoir  is  accessible  to  me  only  in  an  abstract! 
which  gives  results  without  details.  Thoria  is  regarded  as 
a  monoxide,  ThO,  and  the  old  equivalents  (0  =  8)  are  used. 
The  following,  values  are  assigned  for  the  molecular  weight 
of  ThO,  as  found  from  analyses  of  several  salts : 

From  Sulphate.       From  K,  77t.  Sulphate. 
66.33  67.02 

67.13 
67.75 
68.03 

Mean,  67.252,  d:  .201 

*Poggend.  Annal.,  16,  398.     1829.     Lehrbuch,  3,  1224. 
f  Kemisk  undersdkning  af  Thorjord  och  Thorsalter.     Helsingfors,  1861.    An 
academic  dissertation. 

t  Poggend.  Annal.,  119,  55.     1863. 
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From  Acitate.               From  Formate,  From  Oxalate, 

67.31                             68.06  65.87'^  Two  results 

66.59                              67.89  65.95  /    by  Berlin. 

67.27                              68.94  65.75 

67.06                              65.13 

68.40                  Mean,  68.^97,  db  .219  66.54 

65.85 

Mean,  67.326,  db  .201  

Mean,  65.85,  db  .123 

We  may  fairly  assume  that  these  figures  were  calculated 
with  O  =  8,  C  =  6,  and  S  =  16.  Correcting  by  the  values 
for  these  elements  which  have  been  found  in  previous  chap- 
ters, ThO,  becomes  as  follows : 

Fijom  sulphate ThO,  =  268.584,  ±  .803 

**     acetate "     =  268.735,  ±  -805 

««      formate "     =  272.586,  db  .877 

"      oxalate "     =  262.804,  db  .493 

The  single  result  from  the  double  potassium  sulphate  is 
included  with  the  column  from  the  ordinary  sulphate,  and 
the  influence  of  the  atomic  weight  of  potassium  is  ignored. 

Chydenius  was  soon  followed  by  Marc  Delafontaine,  whose 
researches  appeared  in  1863.*  This  chemist  especially  stud- 
ied thorium  sulphate;  partly  in  its  most  hydrous  form,  partly 
as  thrown  down  by  boiling.  In  Th(SO  4 ) ,  .9H ,  0,  the  follow- 
ing percentages  of  ThO,  were  found  : 

45.08 
44.90 
45.06 
45.21 
45.06 

Mean,  45.062,  d=  .0332 

Hence  ThO,  =  263.637,  ±  .256. 

The  lower  hydrate,  2Th(S04)j.9H20,  was  more  thoroughly 
investigated.  The  thoria  was  estimated  in  two  ways ;  first, 
(A,)  by  precipitation  as  oxalate  and  subsequent  ignition ; 
second,  (B,)  by  direct  calcination.  These  percentages  of 
ThO,  were  found: 

*  Arch,  des  Sci.  Phys.  et  Nat,  (2,)  18,  343. 
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A. 


B. 


52.83 
52.52 
52.72 
52.13 
52.47 
5^-49 
52.53 
52.13 
52.13 
52.43 
52.60 
52.40 
52.96 
52.82  ^ 

Mean,  52.511,  rb  .047 

Hence  ThO,  =  266.025,  ±  .363. 

In  three  experiments  with  this  lower  hydrate  the  sul- 
phuric acid  was  also  estimated,  being  thrown  down  as 
barium  sulphate  after  removal  of  the  thoria : 


1.2425  grm.  gave  .400  SO,. 
1. 138     "    .366  " 
.734     "    .2306  " 


(1. 1656  grm.  BaS04.) 
(1.0665  "  ) 
(  .6720     «    ) 


The  figures  in  parenthesis  are  reproduced  by  myself  from 
Delafontaine's  results,  he  having  calculated  his  analyses  with 
0  =  100,  S  =  200,  and  Ba  =  857.  These  data  may  be  re- 
duced to  a  common  standard,  so  as  to  represent  the  quantity 
of  2Th(S0  Jj.OHjO  equivalent  to  100  parts  of  BaSO^.  We 
then  have  the  following  results : 

106.597 
106.704 
109.226 


Mean,  107.509,  db  .585 

Hence  ThO,  =  259.555,  =h  2.725. 

Delafontaine  seems  himself  to  have  calculated  from  the 
ratio  between  the  percentages  of  SO,  and  ThO^  ;  whence, 
with  our  revised  values  for  S,  Ba,  and  0,  ThO,  =  262643. 

Delafontaine's  work  was  soon  confirmed  by  Hermann,* 

*  Joum.  ftir  Prakt.  Chem.,  93,  114. 
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who  published  a  single  analysis  of  the  lower  hydrated  sul- 
phate, as  follows : 

ThO, —  S2.87 

so, 32.11 

H,o 15.02 

100.00 

-  Hence,  from  the  ratio  between  SO,  and  ThO,,  ThO,  = 
263.030.  Probably  the  SOg  percentage  was  loss  upon  calci- 
nation. 

The  latest,  and  probably  also  the  best  determinations,  are 
those  of  Cleve,*  whose  results,  obtained  from  both  the  sul- 
phate and  the  oxalate  of  thorium,  agree  admirably.  The 
anhydrous  sulphate,  calcined,  gave  the  subjoined  percent- 
ages of  thoria : 

62.442 

62.477 
62.430 
62.470 

62.357 
62.366 


Mean,  62.423,  d=  .014 

Hence  ThO^  =  265.380,  ±  .123. 

The  oxalate  was  subjected  to  a  combustion  analysis, 
whereby  both  thoria  and  carbonic  acid  could  be  estimated. 
From  the  direct  percentages  of  these  constituents  no  accu- 
rate value  can  be  deduced,  there  having  undoubtedly  been 
moisture  in  the  material  studied.  From  the  ratio  between 
CO,  and  ThO,,  however,  good  results  are  attainable.  This 
ratio  I  put  in  a  fourth  column,  making  the  thoria  propor- 
tional to  100  parts  of  carbon  dioxide : 

Oxalate.  ThOy  CO^  Ratio, 

1*7135  g™^*  1.0189  grm.  •6736  gnn.  151.262 

1.3800    •*  .8210    "  .5433     "  151. "4 

1. 1850    "  .7030    "  .4650    "  151. 183 

1.0755     "  .6398    "  .4240    "  150.896 

Mean,  151. 114,  ±  .053 

Hence  ThO,  =  265.357,  d=  .104. 

«  K.  Svenska  Vet  Akad.  Handlinger.     Bd.  2,  No.  6.     1874. 
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There  are  now  before  us  twelve  estimates  for  the  molecular 
weight  of  thoria.  Two  of  these  represent  single  experi- 
ments, and  have  no  probable  error  attached  to  them ;  namely, 
the  one  due  to  Hermann,  and  the  one  deduced  from  Berze- 
lius'  KjSO^  :  ThO,  ratio.  A  third  value,  from  Delafon- 
taine's  sulphuric  acid  estimations,  has  so  high  a  probable 
error  that  it  could  be  rejected  without  influencing  the  gene- 
ral mean.  These  three  values  might  all  be  excluded  with- 
out serious  objection ;  but  it  is  perhaps  better  to  arbitrarily 
assign  them  equal  weight,  average  them  together,  and  give 
their  mean  the  same  probable  error  as  that  which  attaches 
to  Berzelius'  BaSO^ :  ThO,  series.  This  mean  is  indicated 
as  "A"  in  the  following  combination : 

Value  "A" ThO,  =  263.623,  db  .997 

Berzelius "  =269.940,^.997 

Chydenius— Sulphate "  =  268.584,  db  .803 

"            Acetate "  =  268.735,  db  .805 

"            Formate **  =  272.586,  d=  .877 

"            Oxalate «*  =  262.804,  db  .493 

Delafontaine — Higher  hydrate "  =  263.637,  db  .256 

"             Lower       "      "  =  266.025,  db  .363 

Qeve— Sulphate «  =  265.380,  db  .123 

"        Oxalate "  =  265.357,  db  .104 

General  mean "     =  265.341,  db  .072 

Hence  Th  =  233.414,  ±  .0726;  or,  if  O  =  16,  Th  := 
233.951. 

These  values  vary  from  those  derived  from  Cleve's  experi- 
ments alone  only  in  the  second  decimal. 


GALLIUM. 


Gallium  has  been  so  recently  discovered,  and  obtained  in 
such  small  quantities,  that  its  atomic  weight  has  not  as  yet 
been  determined  with  much  precision.  The  following  data 
were  fixed  by  the  discoverer,  Lecoq  de  Boisbaudran :  * 

*  Joum.  Chem.  Soc.,  1878,  p.  646. 


Digitized  by 


Google 


INDIUM.  219 

3.1044  grammes  gallium  ammonium  alum,  upon  ignition, 
left  .5885  grm.  GajOj. 

Hence  Ga  =  68.071.     If  0  =  16,  Ga  =  68.233. 

.4481  grammes  gallium,  converted  into  nitrate  and  ig- 
nited, gave  .6024  grm.  GagOg. 

Hence  Ga  =  69.538.     If  0  =  16,  Ga  =  69.693. 

These  values,  assigned  equal  weight,  give  these  means  : 
If  0  =  15.9633,  Ga  =  68.854.     If  0  =  16,  Ga  =  68.963. 

In  brief,  for  all  practical  purposes,  69  may  be  assumed  as 
the  atomic  weight  of  gallium. 


INDIUM. 


Reich  and  Richter,  the  discoverers  of  indium,  were  also 
the  first  to  determine  its  atomic  weight.*  They  dissolved 
weighed  quantities  of  the  metal  in  nitric  acid,  precipitated 
the  solution  with  ammonia,  ignited  the  precipitate,  and 
ascertained  its  weight.  Two  experiments  were  made,  as 
follows : 

.5135  grm.  indium  gave  .6243  grm.  In,0,. 
.699  "        -       .8515  " 

Hence,  in  mean,  In  =  110.61,  if  0  ==  16;  a  value  known 
now  to  be  too  low. 

An  un weighed  quantity  of  fi'esh,  moist  indium  sulphide 
was  also  dissolved  in  nitric  acid,  yielding,  on  precipitation, 

.2105  grm.  IiijOj  and  .542  grm.  BaSO^. 

Hence,  with  BaSO^  =  233,  In  =  111.544;  also  too  low. 

Soon  after  the  publication  of  Reich  and  Richter's  paper 
the  subject  was  taken  up  by  Winkler.f  He  dissolved  in- 
dium in  nitric  acid,  evaporated  to  dryness,  ignited  the  resi- 
due, and  weighed  the  oxide  thus  obtained. 

*  Joum.  fUr  Prakt.  Chem.,  92,  484. 
f  Joum.  fUr  Prakt.  Chem.,  94,  8. 
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•  5574  gnn.  In  gave  .6817  grm.  In,0,. 
.6661     "     .8144    « 
.5011     "     .6126    " 

Hence,  in  mean,  if  0  ==  16,  In  =  107.76 ;  a  result  even 
lower  than  the  values  already  cited. 

In  a  later  paper  by  Winkler*  better  results  were  obtained. 
Two  methods  were  employed.  First,  metallic  indium  was 
placed  in  a  solution  of  pure,  neutral,  sodio-auric  chloride, 
and  the  amoxmt  of  gold  precipitated  was  weighed.  I  give 
the  weighings  and,  in  a  third  column,  the  amount  of  .in- 
dium proportional  to  100  parts  of  gold : 

In,  Au.  Ratio, 

.4471  grm.  .8205  grm.  57-782 

.8445     "    r  1.4596    "  57.858 

Mean,  57.820,  db  .026 

Hence,  if  Au  =  196.155,  ±:  .095,  In  =  113.417,  ±  .074. 

Winkler  also  repeated  his  earlier  process,  converting  in- 
dium into  oxide  by  solution  in  nitric  acid  and  ignition  of 
the  residue.  An  additional  experiment,  the  third  as  given 
below,  was  made  after  the  method  of  Reich  and  Richter. 
The  third  column  gives  the  percentage  of  In  in  In, O,  : 

1. 124  grm.  In  gave  1. 3616  grm.  In^O,.       Percent,  82.550 

1.015     "     1. 2291     "  "    82.581 

.6376    "      .7725    "   .  "    82.537 

These  figures  were  confirmed  by  a  single  experiment  of 
Bunsen's,t  published  simultaneously  with  the  specific  heat 
determinations  which  showed  that  the  oxide  of  indium  was 
luaOg,  and  not  InO  as  had  been  previously  supposed  : 

1.0592  grm.  In  gave  1.2825  grm.  In^Oj.         Percent.  In,  82.589 

For  convenience  we  may  add  this  figure  in  with  Winkler^s 
series,  which  gives  us  a  mean  percentage  of  In  in  lUjOs  of 
82.564,  ±L  .0082.  Hence,  if  0  =  15.9633,  d=  .0035,  In  = 
113.385,  ii=  .060. 

*  Journ.  ftlr  Prakt.  Chem.,  102,  282. 
t  Poggend.  Annal.,  141,  28. 
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Combining  results,  we  have  the  following  general  mean : 

From  gold  series In  =  1 13.417,  d=  .074 

"      oxide  "    "  =  113.385,  db  .060 


General  mean "  ■=  113.398,  db  .047 

Or,  if  0  =  16,  In  =  113.659. 


CERIUM. 


Although  cerium  was  discovered  almost  at  the  beginning 
^f  the  present  century,  its  atomic  weight  was  not  properly- 
determined  until  after  the  discovery  of  lanthanum  and 
didymium  by  Mosander.  In  1842  the  investigation  was 
undertaken  by  Beringer,*  who  employed  several  methods. 
His  cerium  salts,  however,  were  all  rose-colored,  and  there- 
fore were  not  wholly  free  from  didymium ;  and  his  results 
are  further  affected  by  a  negligence  on  his  part  to  fully 
describe  his  analytical  processes. 

First,  a  neutral  solution  of  cerium  chloride  was  prepared 
by  dissolving  the  carbonate  in  hydrochloric  acid.  This 
gave  weights  of  ceroso-ceric  oxide  and  silver  chloride  as 
follows.  The  third  column  shows  the  amount  of  CeO,  pro- 
portional to  100  parts  of  AgCl : 

CeO^.  AgCl,  Ratio. 


.5755  gnn. 

I.419  grm. 

40.557 

.6715     " 

1.6595  " 

40.464 

1. 1300    «* 

2.786    " 

40.560 

.5366    " 

1.3316  « 

40.297 

Mean,  40.469,  db  •0415 

The  analysis  of  the  dry  cerium  sulphate  gave  results  as 
follows.  In  a  fourth  column  I  show  the  amount  of  CeO, 
proportional  to  100  parts  of  BaS04  • 

♦Ann.  Chem.  Pharm.,  42,  134. 
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Sulphate,  CeOy  BaSO^,  Ratio. 

'•379  grm.  .8495  gTm-  I-7"  grm-  49-649 

1.276    "  .7875  "  1.580     «*  49.836 

1.246    "  .7690  "  1.543     "  49838 

1-553    "  .9595  "  1.921     "  49-948 

Mean,  49.819,  db  .042 

Beringer  also  gives  a  single  analysis  of  the  formate  and 
the  results  of  one  conversion  of  the  sulphide  into  oxide. 
The  figures  are,  however,  not  valuable  enough  to  cite. 

The  foregoing  data  involve  one  variation  from  Beringer's 
paper.  Where  T  put  CeO,  as  found  he  puts  CojO,.  The 
latter  is  plainly  inadmissible,  although  the  atomic  weights 
calculated  from  it  agree  curiously  well  with  some  other 
determinations.  For  instance,  in  the  chlorido  series,  the 
assumption  of  CejOj  as  the  formula  of  the  oxide  obtained, 
gives  Ce  =  137.749,  while  CeO,  makes  Ce  =  141.636.  The 
former  agrees  with  the  results  of  Wolf,  Wing,  and  others 
quite  fairly ;  the  latter  is  near  the  value  obtained  by  Biihrig. 
Obviously,  the  presence  of  didymium  in  the  salts  analyzed 
should  tend  to  raise  rather  than  to  lower  the  apparent  atomic 
weight  of  cerium. 

Shortly  after  Beringer,  Hermann  *  published  the  results 
of  one  experiment.  23.532  grm.  of  anhydrous  cerium  sul- 
phate gave  29.160  grm.  of  BaS04.  Hence  100  parts  of  the 
sulphate  correspond  to  123.926  of  BaSO^. 

In  1848  similar  figures  were  published  by  Marignac,t 
who  found  the  following  amounts  of  BaS04  proportional  to 
100  of  dry  cerium  sulphate : 

122.68 
I22.00 
122.51 

Mean,  122.40,  ±.  .138 

If  we  give  Hermann's  single  result  the  weight  of  one  ex- 
periment in  this  series,  and  combine,  we  get  a  mean  value 
of  123.019,  ±  .113. 

*  Joum.  fiir  Prakt.  Chem.,  30,  185.     1843. 

f  Arch,  des  Sciences  Phys.  et  Nat.,  (i,)  8,  273.     1848. 
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Still  another  method  was  employed  by  Marignac.  A  defi- 
nite mixture  was  made  of  solutions  of  cerium  sulphate  and 
barium  chloride.  To  this  were  added,  volumetrically,  solu- 
tions of  each  salt  successively,  until  equilibrium  was  at- 
tained. The  figures  published  give  maxima  and  minima 
for  the  BaClj  proportional  to  each  lot  of  Cej(S04)g.  ^^ 
another  column,  using  the  mean  value  for  BaCl,  in  each 
case,  I  put  the  ratio  between  100  parts  of  this  salt  and  the 
equivalent  quantity  of  sulphate.  The  latter  compound  was 
several  times  recrystallized : 


Ce,{SO,),. 

BaCI^. 

Jiatio, 

Fust  crystallization—   1 1. on  grm. 

11.990  ~  12.050  grm. 

91.606 

« 

._  13.194    " 

H.365  —  14.425 

II 

91.657 

Second 

_-  13.961     " 

15.225  —  15.285 

« 

91.518      . 

« 

..  12.627     " 

13.761  —  13.821 

«< 

91.559 

« 

-.   11.915    " 

12.970—  13.030 

« 

91.654 

Third 

—  14.888    •* 

16.223  —  16.283 

« 

91.602 

(t 

.-  14.113    " 

15.383-15.423 

<* 

91.755 

Fourth 

«          ._  13.111     " 

14.270—14.330 

ti 

91.685 

« 

.-  13.970    " 

15.223  —  15.283 

Mean 

91.588 
,  9i-625»  ±  .016 

Omitting  the  valueless  experiments  of  Kjerulf,*  we  come 
next  to  the  figures  published  by  Bunsen  and  Jegel  f  in  1858. 
From  the  air  dried  sulphate  of  cerium  the  metal  was  pre- 
cipitated as  oxalate,  which,  ignited,  gave  CeO,.  In  the 
filtrate  from  the  oxalate  the  sulphuric  acid  was  estimated  as 
BaSO,: 

1.5726  grm.  sulphate  gave  .7899  grm.  CeO,  and  1.6185  g"^.  BaSO^. 
1.6967  "  .8504  "  1. 7500  " 

Hence,  for  100  parts  BaS04,  the  CeO 2  is  as  follows: 

48.804 
48.575 

Mean,  48.689,  d=  .077 

One  experiment  was  also  made  upon  the  oxalate : 

.3530  gnn.  oxalate  gave  .1913  CeO,  and  .0506  H,0. 

Hence,  in  the  dry  salt,  we  have  63.261  per  cent,  of  CeOj. 

♦Ann.  Chem.  Phann.,  87, 12. 
f  Ann.  Chem.  Pharm.,  105,  45. 


Digitized  by 


Google 


224  ""    THE   ATOMIC   WEIGHTS. 

In  each  sample  of  CeO,  the  excess  of  oxygen  over  true 
CejOj  was  estimated  by  an  iodometric  titration;  but  the 
data  tiius  obtained  need  not  be  further  considered. 

In  two  papers  by  Rammelsberg  *  data  are  given  for  the 
atomic  weight  of  cerium,  as  follows.  In  the  earlier  paper 
cerium  sulphate  is  analyzed,  the  cerium  being  thrown  down 
by  caustic  potash,  and  the  acid  precipitated  from  the  filtrate 
as  barium  sulphate : 

.413  gnn.  Ce,(S04)j  gave  .244  grm.  CeO,  and  .513  grm  BaSO^. 

Hence  100  BaSO^  =  47.563  CeO„  a  value  which  may  be 
combined  with  others,  thus;  this  figure  being  assigned  a 
weight  equal  to  one  experiment  in  Bunsen's  series : 

Beringer 49.819,  db  .042 

Bunsen  and  Jegel -.  48.689,  db  .077 

Rammelsberg 47-563,  db  .108 

General  mean . 49.360,  ±  .035 

It  should  be  noted  here  that  this  mean  is  somewhat  arbi- 
trary, since  Bunsen  and  Rammelsberg's  cerium  salts  were 
undoubtedly  fi'eer  from  didymium  than  the  material  studied 
by  Beringer. 

In  his  later  paper  Rammelsberg  gives  these  figures  con- 
cerning cerium  oxalate.  100  parts  gave  10.43  of  carbon 
and  21.73  of  water.  Hence  the  dry  salt  should  yield  48.862 
per  cent,  of  CO,,  whence  Ce  =  137.83. 

In  all  of  the  foregoing  experiments  the  ceroso-ceric  oxide 
was  somewhat  colored,  the  tint  ranging  from  one  shade  to 
another  of  light  brown  according  to  the  amoimt  of  didym- 
ium present.  Still,  at  the  best,  a  faint  color  remained,  which 
was  supposed  to  be  characteristic  of  the  oxide  itself.  In 
1868,  however,  some  experiments  of  Dr.  C.  Wolff  were  post- 
humously made  public,  which  went  to  show  that  pure  ceroso- 
ceric  oxide  is  white,  and  that  all  samples  previously  studied 
were  contaminated  with  some  other  earth,  not  necessarily 
didymium  but  possibly  a  new  substance,  the  removal  of 

*  Poggend.  Annal.,  55,  65 ;  108,  44. 

f  Amer.  Journ.  Science  and  Arts,  (2,)  46,  53. 
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which  tended  to  lower  the  apparent   atomic   weight   of 
cerium  very  perceptibly. 

Cerium  sulphate  was  recrystallized  at  least  ten  times. 
Even  after  twenty  recrystallizations  it  still  showed  spectro: 
scopic  traces  of  didymium.  The  water  contained  in  each 
sample  of  the  salt  was  cautiously  estimated,  and  the  cerium 
was  thrown  down  by  boiling  concentrated  solutions  of  ox- 
alic acid.  The  resulting  oxalate  was  ignited  with  great 
care.  I  deduce  from  the  weighings  the  percentage  of  CeOj 
given  by  the  anhydrous  sulphate : 

Sulphate.  Water,  CeO^.         Percent,  CeO^. 

1.4542  grm.  .19419  g™»-  .76305  gnn.  60.559 

1.4104    "  .1898      «*  .7377       "  60.437 

'•35027  "  .1820      "  .70665     "  60.487 


Mean,  60.494,  d=  .024 

After  the  foregoing  experiments  the  sulphate  was  further 
purified  by  solution  in  nitric  acid  and  pouring  into  a  large 
quantity  of  boiling  water.  The  precipitate  was  converted 
into  sulphate  and  analyzed  as  before : 

Sulphate.  Water.  CeO^.  Per  cent.  CeOy 

1.4327  gnn.  .2733  grm.  .69925   grm.         60.311 

1.5056    "  .2775     "  .7405        «*  60.296 

1.44045  "  .2710    "  .7052        "  60.300 


Mean,  60.302,  db  .004 

From  another  purification  the  following  weights  were  ob- 
tained: 

1.4684  grm.    .1880  gnn.    .7717  grm.    60.270  per  cent. 

A  last  purification  gave  a  still  lower  percentage : 

1*3756  grm.         .1832  grm.         .7186  grm.        60.265  percent. 

The  last  oxide  was  perfectly  white,  and  was  spectroscopi- 
cally  free  fi'om  didymium.  In  each  case  the  CeOj  was  ti- 
trated iodometrically  for  its  excess  of  oxygen.  It  will  be 
noticed  that  in  the  successive  series  of  determinations  the 
percentage  of  CeO,  steadily  and  strikingly  diminishes,  to 
an  extent  for  which  no  ordinary  impurity  of  didymium  can 
15 
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account.  The  death  of  Dr.  Wolf  interrupted  the  investiga- 
tion, the  results  of  which  were  edited  and  published  by  Pro- 
fessor F.  A.  Genth. 

.  The  experiments  of  Wolf  seem  to  have  hitherto  escaped 
general  notice,  except  from  Wing,  who  has  partially  verified 
them.*  This  chemist,  incidentally  to  other  researches,  puri- 
fied some  eerium  sulphate  after  the  method  of  Wolf,  and 
made  two  similar  analyses  of  it,  as  follows : 

SuipAale,  Water.  CeOy         Per  cent,  CeO^ 

1.2885  gnn.  -1707  grm.  -6732  grm.  60.225 

1.4090    "  .1857     "  .7372     "  60.263 

Mean,  60.244,  :^  ^Ol^ 

The  ceroso-ceric  oxide  in  this  case  was  perfectly  white. 
The  cerium  oxalate  which  yielded  it  was  precipitated  boil- 
ing by  a  boiling  concentrated  solution  of  oxalic  acid.  The 
precipitate  stood  twenty-four  hours  before  filtering. 

We  may  now  combine  the  results  of  Wolf  and  of  Wing, 
as  follows.  The  two  concordant  experiments  of  Wolf's 
series  three  and  four  may  be  united,  giving  a  mean  of 
60.267,  ±  .001 : 

Wolf,  1st  series 60.494,  db  .024 

"       2d      "     60.302,  db  .004 

"       3d  and  4th  series 60.267,  db  .001 

Wing —  60.244,  db  .012 

General  mean 6o.27F,  ±  .001 

This  mean,  the  percentage  of  CeO,  in  the  anhydrous  sul- 
phate, gives  Ce  =  137.724;  or,  if  0  =  16,  Ce  =  138.039. 
This  varies  widely  from  the  ordinarily  accepted  value  as 
determined  by  Buehrig. 

In  1875  Buehrig'sf  paper  upon  the  atomic  weight  of 
cerium  was  issued.  He  first  studied  the  sulphate,  which, 
after  eight  crystallizations,  still  retained  traces  of  free  sul- 
phuric acid.  He  found  furthermore  that  the  salt  obstinately 
retained  traces  of  water,  which  could  not  be  wholly  expelled 
by  heat  without  partial  decomposition  of  the  material. 

*  Amer.  Joum.  Sci.  and  Arts,  (2,)  49,  358.     1870. 
t  Joum.  rUr  Prakt.  Chem.,  120,  222. 
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These  sources  of  error  probably  affect  all  the  previously 
cited  series  of  experiments ;  although,  in  the  case  of  Wolf's 
work,  it  is  doubtful  whether  they  could  have  influenced  the 
atomic  weight  of  cerium  by  more  than  one  or  two  tenths  of 
a  unit.  Buehrig  also  found,  as  Marignac  had  earlier  shown, 
that  upon  precipitation  of  cerium  sulphate  with  barium 
chloride  the  barium  sulphate  invariably  carried  down  traces 
of  cerium.  Furthermore,  the  ceroso-ceric  oxide  from  the 
filtrate  always  contained  barium.  For  these  reasons  the 
sulphate  was  abandoned,  and  the  atomic  weight  determina- 
tions of  Buehrig  were  made'  with  air-dried  oxalate.  This 
salt  was  placed  in  a  series  of  platinum  boats  in  a  combus- 
tion tube  behind  copper  oxide.  It  was  then  burned  in  a 
stream  of  pure,  dry  oxygen,  and  the  carbonic  acid  and 
water  were  collected  after  the  usual  method.  Ten  experi- 
ments were  made ;  in  all  of  them  the  above  named  products 
were  estimated,  and  in  five  analyses  the  resulting  ceroso- 
ceric  oxide  was  also  weighed.  By  deducting  the  water 
found  from  the  weight  of  the  air-dried  oxalate,  the  weight 
of  the  anhydrous  oxalate  is  obtained,  and  the  percentages 
of  its  constituents  are  easily  determined.  In  weighing,  the 
articles  weighed  were  always  counterpoised  with  similar 
materials.    The  following  weights  were  found : 

Oxalate,  Water.  COy  CeO^. 

9.8541  grm.  2.1987  grm.  3-6942  gnn.  

9.5368  "  2.1269  "  35752  "  

9.2956  "  2.0735  "  3-4845  "  

10.0495  "  2.2364  "  3-7704  "  

10.8249  "  2.4145  "  4.0586  "  

9.3679  "  2.0907  •«  3-5>i8  "  46150  gnn. 

9.7646  "  2.1769  "  3.6616  "  4.8133  " 

9.9026  "  2.2073  "  3-7^39  **  4.8824  " 

9.9376  "  2.2170  *»  3-7251  "  4-8971  " 

9.5324  "  2.1267  "  3-5735  "  4.6974  " 

These  figures  give  us  the  following  percentages  for  00, 
and  CeOj  in  the  anhydrous  oxalate: 

COy  CeOy 

48.256  

48.249  

48.248  
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CeO^. 

CO^. 

48.257 

. . 

48.257 

48.258 

63.417 

48.257 

63.436 

48.262 

63.446 

48.249 

63.429 

48.253 

63.430 

Mean,  48.2546,  4=  .001 

63.4316,  =b  s 

From  percentage  CO, 

.^Ce 

=:  141.228,  d=  .025 

CeO,  — 

it 

=  141. 141,  ih  .020 

0032 


Obviously  the  single  oxalate  experiments  of  Jegel  and  of 
Rammelsberg  would  exert  no  appreciable  influence  upon 
these  mean  results.    They  majr  therefore  be  ignored. 

In  combining  all  of  these  data  in  one  general  mean,  we 
may  begin  as  usual  by  tabulating  our  ratios  : 

(I.)  BaSO^  :  Ce,(S04)j, : :  100  :  123.019,  d=  .113 

(2.)  BaSO^  :  CeO,  : :  100  :  49.360,  ±  .035 

(3.)  BaClj  :  Cej(S04)8  : :  100  :  91.625,  d=  .016 

(4.)  AgQ  :  CeO,  : :  100  :  40.469,  ±  .0415 

(5.)  Percentage  CeO,  from  anhydrous  sulphate,  60.271,  rb  .001 

(6.)  "  "  "  oxalate,  63.4316,  db  .0032 

(7.)  "  CO,  "  "       48.2546,  ±  .001 

These  ratios  give  us  four  values  for  the  molecular  weight 
of  CeO,  and  two  values  for  Ce, (804)3: 

From  (2) CeO,  =  172.218,  dr  .124 

«      (4) «     =  173-663.  dr  .179 

"       (5)— "      =  169.651,  rfc  .034 

"      (6) «      =  173-068,  db  .033 


General  mean "     =  171.490,  rh  .023 

From  (I) Ce,(S04),  =  567.234,  ±  -5" 

"     (3) "        =  570.375,  ±  .165 


General  mean.         "        =  570.093,  db  .156 

Hence  we  have  three  independent  values  for  the  atomic 
weight  of  cerium,  as  follows : 
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From  molecular  weight  of  CeO^ Ce  =  139.563,  dt  .024 

Cc,(SOJ, "   r=  141. 281,  =b  .083 

From  ratio  (7,)  CO,  in  oxalate "   =  141.228,  =b  .025 


General  mean "   =  140.424,  db  .017 

Or,  if  0  =  16,  Ce  =  140.747. 

Buehrig's  results  alone,  both  sets  combined,  give  Ce  = 
141.198,  zt  .020;  or,  if  0  =  16,  Ce  =  141.523. 

Wolf  and  Wing's  figures  alone  make  Ce  =  137.724 ;  or,  if 
O  =  16,  Ce  =  138.039. 

The  latter  result  is  subject  to  the  errors  pointed  out  by 
Buehrig  as  involved  in  the  use  of  cerium  sulphate;  but  the 
ceroso-ceric  oxide  obtained  in  the  analyses  was  pure  white. 
Buehrig's  ceroso-ceric  oxide,  on  the  other  hand,  was  yellow. 
In  neither  case  was  didymium  present.  All  things  consid- 
ered, therefore,  it  is  probable  that  the  lower  result  is  too  low 
and  the  higher  result  too  high.  How  near  the  general 
mean  of  all  may  be  to  the  truth  we  have  no  evidence  to 
show.  It  is  clear  thet  new  determinations  are  needed,  made 
with  material  yielding  white  ceroso-ceric  oxide,  and  with 
avoidance  of  the  sources  of  error  which  Buehrig  pointed 
out. 


LANTHANUM. 

Leaving  out  of  account  the  work  of  Mosander,  and  the 
valueless  experiments  of  Choubine,  we  may  consider  the 
estimates  of  the  atomic  weight  of  lanthanum  which  are  due 
to  Hermann,  Eammelsberg,  Marignac,  Czudnowicz,  Holz- 
mann,  Zschiesche,  Erk,  and  Cleve. 

From  Rammelsberg*  we  have  but  one  analysis.  .700 
grm.  of  lanthanum  sulphate  gave  .883  grm.  of  barium  sul- 
phate. Hence  100  parts  of  BaS04  are  equivalent  to  79.276 
of  La,(S0j3. 

*  Poggend.  Anna].,  55,  65. 
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Marignac,*  working  also  with  the  sulphate  of  lanthanum, 
employed  two  methods.  First,  the  salt  in  solution  was 
mixed  with  a  slight  excess  of  barium  chloride.  The  result- 
ing barium  sulphate  was  filtered  off  and  weighed ;  but,  as  it 
contained  some  occluded  lanthanum  compounds,  its  weight 
was  too  high.  In  the  filtrate  the  excess  of  barium  was  esti- 
mated, also  as  sulphate.  This  last  weight  of  sulphate,  de- 
ducted from  the  total  sulphate  which  the  whole  amount  of 
barium  chloride  could  form,  gave  the  sulphate  actually  pro- 
portional to  the  lanthanum  compound.  The  following 
weights  are  given : 


La^{SO,\, 

BaCl^. 

ist  BaSO^, 

2dBaS0^ 

4.346  gnn. 

4.758  grm. 

5.364  gnn. 

.115  gnn. 

4.733    " 

5. 178    " 

5.848    " 

.147     " 

Hence  we  have  the  following  quantities  of  La,(S04)5  pro- 
portional to  100  parts  of  BaSO^.  Column  A  is  deduced 
from  the  first  BaSO^  and  column  B  from  the  second,  after 
the  manner  above  described : 


A. 
81.022 
80.934 

B. 
83.281 
83.662 

Mean,  80.978,  ±  .030 

• 

From  A 

"       B .._. 

Mean,  83.471,  ±.128 

La  =  138.776 

"  =  147.474 

A  agrees  best  with  other  determinations,  although,  theo- 
retically, it  is  not  so  good  as  B. 

Marignac's  second  method,  described  in  the  same  paper 
with  the  foregoing  experiments,  consisted  in  mixing  solu- 
tions of  La2(S04)8  with  solutions  of  BaClj,  titrating  one 
with  the  other  until  equilibrium  was  established.  The 
method  has  already  been  described  under  cerium.  The 
weighings  give  maxima  and  minima  for  BaCl,.  In  another 
column  I  give  La 2(804) 3  proportional  to  100  parts  of  BaCl,, 
mean  weights  being  taken  for  the  latter : 

♦Archives  des  Sci   Phys.  et  Naturelles,  (i,)  11,  29.     1849. 


Digitized  by 


Google 


LANTHANUM. 

La^(SO,),, 

BaCi^, 

Ratio. 

11.644  gni>- 

12.765  —  12.825 

grm. 

91.004 

12.035     " 

«3. '95  — 13.265 

u 

90.968 

10.690    " 

,,.669  —  11.749 

it 

91.297 

12.750    " 

13.920  —  14.000 

n 

91.332 

10.757    " 

11.734— 11.814 

« 

91.362 

12.672    " 

i3.8"3  —  13.893 

« 

9".475 

9.246    " 

10.080—  10.160 

<( 

91.364 

10.292    " 

11.204  —  11.264 

" 

91.615 

10. 192    " 

II. Ill  —  II. 171 

** 

91.482 

231 


Mean,  91.322,  db  .048 

Hence  La  =  140.484. 

Although  not  next  in  chronological  order,  some  still  more 
recent  work  of  Marignac's*  may  properly  be  considered 
here.  The  salt  studied  was  the  sulphate  of  lanthanum,  puri- 
fied by  repeated  crystallizations.  In  two  experiments  the 
salt  was  calcined,  and  the  residual  oxide  weighed ;  in  two 
others  the  lanthanum  was  precipitated  as  oxalate,  and  con- 
verted into  oxide  by  ignition.  The  following  percentages 
are  given  for  LajO, : 

^''^    \  By  calcination. 
57.58 > 

as  oxalate. 


57.55^ 


Mean.  57.5475.  =t  0115 

The  atomic  weight  determinations  of  Holzmannf  were 
made  by  analyses  of  the  sulphate  and  iodate  of  lanthanum, 
and  the  double  nitrate  of  magnesium  and  lanthanum.  In 
the  sulphate  experin^nts  the  lanthanum  was  first  thrown 
down  as  oxalate,  which,  on  ignition,  yielded  oxide.  The 
sulphuric  acid  was  precipitated  as  BaSO^  in  the  filtrate. 


.9663  grm. 
.6226    " 
.8669    « 

.5157  grm. 

.3323     " 
.4626     " 

BaSO^. 

I. 1093  grm. 

.7123     " 
.9869    « 

*  Ann.  de  Chim.  et  de  Phys.,  (4,)  30,  68.    1873. 
t  Joum.  flir  Prakt.  Chem.,  75,  321.     1858. 
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These  results  are  best  used  by  taking  the  ratio  between 
the  BaS04,  put  at  100,  and  the  LajOs-  The  figures  are 
then  as  follows: 

46.^ 

46.652 

46.873 

Mean,  46.671,  dr  .075 

In  the  analyses  of  the  iodate  the  lanthanum  was  thrown 
down  as  oxalate,  as  before.  The  iodic  acid  was  also  esti- 
mated volumetrically,  but  the  figures  are  hardly  available 
for  present  discussion.    The  following  percentages  of  La^O^ 

were  found : 

23454 
23.419 
23.468 

Mean,  23.447,  ±  .0216 

The  formula  of  this  salt  is  La2(I08)e.3H,0. 

The  double  nitrate,  La3(N03)g-.3Mg(N03),.24H,0,  gave 
the  following  analytical  data : 

Salt,  H^O.  MgO,  La^Oy 

•5327  grm-  -'S^Q  gnn.  .0417  grm.  .1131  giro. 

.5931  "  -1734  "  .0467  "  .1262  " 

.5662  '*  .1647  **  -0442  "  '197  " 

•3757  "  .0297  "  .0813  •* 

.3263  "  .0256  **  .0693  '' 

These  weighings  give  the  subjoined  percentages  of  LajOj : 

•  21.231 

21.278 

21. 141    # 
21.640 
21.238 


Mean,  21.3056,  ±  .058 

These  data  of  Holzmann  give  values  for  the  molecular 
weight  of  LajOg  as  follows: 

From  sulphate La,0,  =  325.674,  i  .522 

**     iodate "      =322.419,^.113 

"     magnesian  nitrate.-     **      =  324.355,  ±  .923 
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Czudnowicz*  based  his  determination  of  the  atomic 
weight  of  lanthanum  upon  one  analysis  of  the  air-dried 
sulphate.    The  salt  contained  22.741  per  cent,  of  water. 

.598  grm.  gave  .272  grm.  La,0,  and  .586  grm.  BaSO^. 

The  LajOg  was  found  by  precipitation  as  oxalate  and  ig- 
nition. The  BaSO^  was  thrown  down  from  the  filtrate. 
Reduced  to  the  standards  already  adopted  these  data  give 
for  the  percentage  of  LajOg  in  the  anhydrous  sulphate  the 
figure  58.668.  79.117  parts  of  the  salt  are  proportional  to 
100  parts  of  BaSO^. 

Hermann  t  studied  both  the  sulphate  and  the  carbonate 
of  lanthanum.  From  the  anhydrous  sulphate,  by  precipi- 
tation as  oxalate  and  ignition,  the  following  percentages  of 
La^Og  were  obtained : 

57.690 
57.663 
57.610 

Mean,  57.654,  d=  .016 

The  carbonate,  dried  at  100°,  gave  the  following  percent- 
ages : 

68.47  LJ4O,. 

27.67  COj. 
3.86  H,0. 

,  Reckoning  from  the  ratio  between  COj  and  LajO,  the 
molecular  weight  of  the  latter  becomes  325.896. 

Zschiesche'sJ  experiments  consist  of  six  analyses  of  lan- 
thanum sulphate,  which  salt  was  dehydrated  at  230°,  and 
afterwards  calcined.  I  subjoin  his  percentages,  and  in  a 
fourth  column  deduce  from  them  the  percentage  of  LajOg 
in  the  anhydrovs  salt : 


//,0. 
22.629 
22.562 
22.730 

SOy 

33-470 

33306 

^     33.200 

La^Oy    La^O^  in  anhydrous  salt. 

43.909                  56.745 
44.132                  56.964 
44.070                  57.034 

*  Joura.  ftlr  Prakt.  Chem.,  80,  ^i.     i860, 
t  Journ.  fiir  Prakt.  Chem.,  82,  396.     1861. 
J  Joum.  fiir  Prakt.  Chem.,  104,  174. 
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H^O.  SO^.  La^Oy    La^O^  in  anhydrous  tali. 

22.570  33-333  44.090  56.947 

22.610  33.160  44.240  57.150 

22.630  33.051  44.310  57.277 

Mean,  57.021,  ±  .051 

Erk  *  found  that  .474  grm.  of  La ,(804)8,  by  precipitation 
as  oxalate  and  ignition,  gave  .2705  grm.  of  LaaO,,  or  57.068 
per  cent.  .7045  grm.  of  the  sulphate  also  gave  .8815  grm. 
of  BaS04.  Hence  100  parts  of  BaS04  are  equivalent  to 
79.921  of  La,(S0j8. 

Last  of  all,  and  probably  best  of  all,  we  come  to  the  de- 
terminations of  Cleve.t  Strongly  calcined  LajOj,  spectro- 
scopically  pure,  was  dissolved  in  nitric  acid,  and  then,  by 
evaporation  with  sulphuric  acid,  converted  into  sulphate : 

1.9215  grm.  La,0,  gave  3.3365  grm.  sulphate.     57590  per  cent 
2.0570  "  3.5705  "  57.611       " 

1.6980  "  2.9445  ««  57.667      " 

2.0840  "  3.6170  "  57.617      " 

1.9565  "  3-39^  "  ■  57612      " 

Mean,  57.619,  d=  .0085 

From  the  last  column,  which  indicates  the  percentage  of 
La^Os  in  La(SO  J,,  we  get,  if  SO,  =  80,  La  =  139.15. 

We  may  now  combine  the  similar  means  into  general 
means,  and  deduce  a  value  for  the  atomic  weight  of  lantha- 
num. For  the  percentage  of  oxide  in  sulphate  we  have  six 
estimates,  as  follows.  The  single  experiments  of  Czudnowicz 
and  of  Erk  are  assigned  the  probable  error  and  weight  of  a 
single  experiment  in  Hermann's  series : 

Czudnowicz 58.668,    db  .027 

Erk 57.068,    ±.027 

Hennann 57.654,    ±  .016 

Zschiesche 57.021,    rb  .051 

Marignac _ 57.5475.  =4=  .0115 

Cleve 57.619,    ±.0085 

General  mean 57.620,    d=  .0059 

*  Jenaisches'  Zeitschrift,  6,  306.     187 1 . 

t  K.  Svenska  Vet.  Akad.  Handlingar,  Bd.  2,  No.  7.     1874. 
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For  the  quantity  of  La2(S04)8  proportional  to  100  parts 
of  BaSO^,  we  have  five  experiments,  which  may  be  given 
equal  weight  and  averaged  together : 

Marignac 81.022 

"       80.934 

Rammelsberg 79.276 

Czudnowicz 79^  i '7 

Erk 79-921 

Mean,  80.054,  4=  .270 

In  all,  there  are  seven  ratios  from  which  to  calculate : 

(i.)  Percentage  of  La,0,  in  Laj(S0j5.  57.620,  dr  .0059 

(2.)  BaCl,  :  1^(804)5  : :  100  :  91.322,  dz  .048— Marignac. 

<3.)  BaSO^  :  La!j(S04),  : :  100  :  80.054,  ±:  .270 

<4.)  BaSO^  :  La^Oj  : :  100  i  46.671,  ±  .075 — Holzmann. 

(5.)  Percentage  of  La,0,  in  iodate,  23.447,  rb  .0216 — Holzmann. 

(6.)  "  "  magnesian  nitrate,  21.3056,  i  .058 — Holzmann. 

(7.)  "  "  carbonate,  68.47 — Hermann. 

These  ratios  give  five  values  for  the  molecular  weight  of 
lanthanum  oxide,  and  two  for  that  of  the  sulphate : 

'From  (2) LajCSOJj  =  568.488,  i    .320 

"      (3) "        =  558.624,  d=  1.888 

General  mean,        **        =  568.212,  ifc    .316 

Hence  La  =  140.346,  ±  .160. 

From  (i)— La,Oj  =  325-79i»  ±  -074 

"       (4)- "      =325-674,^.522 

"      (5) - "      —  322.419.  ±  -"3 

"      (6) "      =  324.355,  d=  .923 

"      (7) -     "      =r  325.896,  ±  .488 

Geheral  mean **      =  324.810,  rb  .061 

Here  the  value  derived  from  ratio  (7)  is  given  the  weight 
of  a  single  experiment  in  ratio  (1.)  Hence  La  =  138.460, 
It  .031! 

Combining  the  two  values  for  La,  we  get  this  final  result : 

From  LajO, La  =  138.460,  zt  .031 

"      La^CSO^), "   =  J40.346,  ±1  .160 

General  mean "  =r  138.526,  dr  .030 

Or,  if  0  =  16,  La  ==  138.844. 
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Since  this  value  is  a  little  under  and  Cleve's  a  little  over 
139,  the  latter  figure  may  fairly  be  used  in  all  calculations 
involving  a  knowledge  of  the  atomic  weight  of  lanthanum. 


DIDYMIUM. 


The  atomic  weight  of  didymium  has  been  detennined  by 
Marignac,  Hermann,  Zschiesche,  Erk,  and  Cleve.  Mosan- 
der's  early  experiments  we  may  leave  out  of  account. 

Marignac  *  mixed  a  solution  of  the  sulphate  with  a  slight 
excess  of  barium  chloride,  filtered,  weighed  the  precipitate, 
and  estimated  the  excess  of  barium  in  the  filtrate  by  the 
ordinary  method.  The  first  precipitate  always  contained 
didymium,  and  therefore  weighed  too  much.  By  deducting 
the  weight  of  the  second  precipitate,  representing  the  exc^s 
of  the  barium  chloride,  from  the  weight  of  barium  sulphate 
theoretically  formable,  the  weight  of  the  latter  proportional 
to  the  quantity  of  didymium  salt  taken  was  found : 

D^^(SO^)y  BaC/^.  ist  BaSO^.  2d  BaSO^, 

3.633  giro.  3.902  grm.  4.412  gnn.  .084  gnn. 

3.862    "  4.227     "  4.679    "  .075     •« 

3-330    "  3.552     **  4.027     "  .088    " 

1.386     •*  1.477     **  '-681     ♦'  .014    " 

These  figures  give  us  a  ratio  between  the  sulphates  of 
didymium  and  barium  which  we  may  express  as  follows. 
Column  A  gives  the  Di 2(804)8  proportional  to  100  parts  of 
BaSO^,  as  calculated  from  the  first  precipitate  of  the  latter. 
Column  B  gives  a  similar  ratio  calculated  with  the  second 
BaSO^  precipitate,  this  being  deduced  from  the  total  BaSO^ 
which  the  chloride  used  could  form : 

A.  B. 

82.344  84.685 

82.539  82.626 

82.692  85.545 

82.451  84.425 

82.247— Erk.  


Mean,  82.455,  i  .052 


Mean,  84.320,  ±.  .414 


*  Arch,  des  Sci.  Phys.  et  Naturelles,  (i,)  11,  29.     1849. 
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To  A  I  have  added  a  single  result  of  Erk's,  to  be  described 
further  along.  It  will  be  seen  that  although  A  is  theoreti- 
cally defective,  its  figures  are  much  more  concordant  than 
those  in  B.  In  fact,  the  latter  would  almost  vanish  for  the 
final  general  mean  for  the  atomic  weight  of  didymium : 

From  A Di  =143.929 

."     B "   =150.436 

In  a  later  paper*  Marignac  adopts  two  other  methods  for 
establishing  the  atomic  weight  of  didymium.  The  carefully 
dehydrated  sulphate  was  taken,  the  didymium  was  precipi- 
tated as  oxalate,  and  the  latter,  ignited,  yielded  oxide.  The 
following  percentages  of  oxide  were  found : 

58.22 
58.24 
.58.29 

58.31 
58.29 


Mean,  58.27,  i  .0115 

The  chloride  of  didymium  was  also  studied.  As  the  anhy- 
drous salt  could  not  be  obtained  in  an  absolutely  definite 
state,  Marignac  prepared  neutral  solutions  of  it  and  deter- 
mined the  ratio  between  didymium  oxide  and  silver  chlo- 
ride. The  latter  compound  was  first  precipitated  in  the 
usual  way,  and  filtered  off;  the  excess  of  silver  in  the  filtrate 
was  removed  by  hydrochloric  acid,  and  after  that  the  didy- 
mium was  thrown  down  as  oxalate  and  weighed  as  oxide. 
The  subjoined  weights  of  AgCl  and  DijOg  were  found.  In 
a  third  column  I  give  the  ratio  between  the  two  compounds, 
putting  AgCl  at  100: 

AgCl.  Di^Oy  Ratio. 

10.058  gnn.  3.946  grm.  39*232 

5.029    "  1.960    "  38.974 

5.844    "  2.276    "  38.946 


Mean,  39.051,  ±  .061 

Hence  Di  =  143.637,  db  .263. 

*  Ann.  d.  Chim.  et  d.  Phys.,  (3,)  38,  148.     1853. 
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Hermann's*  determination  of  the  atomic  weight  of  didy- 
mium  rests  on  a  single  experiment  with  the  sulphate.  By- 
precipitation  as  oxalate  and  subsequent  ignition,  he  found 
that  this  salt  yielded  58.14  per  cent,  of  DijOg. 

Zschieschef  also  analyzed  didymium  sulphate,  which  he 
dehydrated  at  230*^,  and  afterwards  converted  into  oxide  by 
calcination.  I  give  his  percentages,  and  also,  in  a  fourth 
column,  the  percentage  of  oxide  from  the  anhydrous  sul- 
phate as  deduced  from  his  figures : 


H^O. 

SO^. 

DhO^     l 

\0^  in  anhyd,  saU. 

23.19 

32.97 

43.83 

57.070 

23.03 

32.39 

44.58 

57.919 

23.00 

32.56 

44.95 

58.006 

23547 

31-938 

44.515 

58.225 

22.550 

32.870 

44.570    ^ 

57.554 

The  salt  used  in  the  first  experiment  probably  contained 
lanthanum.  Rejecting  this,  the  mean  of  the  figures  remain- 
ing in  the  fourth  column  is  57.926,  d:  .094.  Hence  Di  = 
141.007. 

Erk,J  to  whom  reference  has  already  been  made,  estimated 
didymium  in  the  sulphate  by  precipitation  as  oxalate  and 
calcination  to  oxide : 

Di^(SO^\  Di^  Oy  Per  cent.  Di^  O^ 

.556  grm.  .323  grm.  58.094 

.674    "  .3915  "  58.087 

Hermann's  single  result  for  this  percentage,  58.14,  agrees 
more  nearly  with  Erk's  series  than  with  any  other.  It  may 
therefore  be  averaged  in  with  Erk's  two  experiments,  giving 
a  mean  of  58.107,  ±l  .0312.  Erk  also  obtamed  from  .7065 
grm.  of  sulphate  .859  grm.  BaSO^.  This  experiment  has 
already  been  averaged  with  Marignac's  earlier  results. 

The  latest  determinations  of  the  atomic  weight  of  didy- 
mium were  published  by  Cleve  ||  in  1874.    Strongly  calcined 

*  Joum.  fiir  Prakt.  Chem.,  82,  367.     1861. 

t  Journ.  fiir  Prakt.  Chem.,  107,  74. 

X  Jenaisches*  Zeitschrift,  6,  306.     1 87 1 . 

II  K.  Svenska  Vet.  Akad.  Handlingar,  Bd.  2,  No.  8.  These  figures  were  kindljr 
transcribed  for  me  by  Professor  Delafontaine  of  Chicago,  as  I  had  not  access  to 
a  copy  of  the  original  memoir. 
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didymium  oxide  was  dissolved  in  nitric  acid,  the  solution 
was  evaporated  with  sulphuric  acid,  and  the  weight  of  the 
resulting  sulphate  was  ascertained.  I  subjoin  the  weighings 
and  the  percentage  of  DijO,  in  Di 2(804)3 : 

Di^Oy  Dt\(SO^)y  Per  cent.  Di^O^ 

2.257  gnn.  3.844  gnn.  58-7*5 

1.086    «  1.8485  "  58-750 

1. 1525  "  1.9615  "  58756 

1.3635  "  2.319    "  58.797 

1-9655  "  3.3435  "  58.786 

1.528    "  2.599    "  58.792 

Mean,  58.766,  ±  .0087 

Hence  Di  =  146.804.    If  SO3  =  80,  Di  =  147.021. 

This  determination  is  undoubtedly  the  best  of  all,  and 
might  properly  be  accepted  to  the  exclusion  of  the  others. 
Still,  it  is  worth  while  to  combine  all  the  figures  into  one 
general  mean.  For  the  percentage  of  DijOa  in  012(804)3 
we  have  the  following  data : 

Marignac 58.270,  i  .0115 

Erie  and  Hermann 58.107,  di  .0112 

Zschiesche 57-926,  =b  .094 

Qeve 58.766,  zb  .0087 

General  mean 58.451,  zt,  .0059 

For  the  atomic  weight  of  didymium  we  have  now  three 
independent  values : 

From  per  cent.  Di^O,  in  Di,(SOJ, Di  =  144.604,  d=  .031 

"     Marignac's  chloride  analyses "   =  143-637,  ±,  .263 

"      Marignac*s  and  Erk's  BaSO^  ratio.  *  "   =  143929,  d=  .189 

General  mean "  =  I44.573i  ±  -0306 

If  0  =  16,  Di  =  144.906. 
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THE  YTTRIUM  GROUP. 

The  atomic  weights  of  the  metals  in  this  group  can  only 
>e  said  to  have  been  determined  approximately.  Not  only 
lo  great  difficulties  attend  the  purification  of  the  material 
Lsed  for  study  and  the  separation  of  the  earths  from  each 
ther,  but  there  have  been  and  still  are  grave  doubts  as  to 
he  actual  nature  of  some  of»the  latter.  The  figures  for 
candium,  yttrium,  and  ytterbium  seem  to  be  tolerably 
;ood ;  those  for  decipium,  philippium,  thulium,  erbium,  and 
erbium  are  little  more  than  estimates ;  for  samarium  we 
lave  no  data  whatever.  All  the  atomic  weights  in  this 
;roup  are  based  upon  analyses  or  syntheses  of  sulphates ; 
nd  from  analogy  to  the  cerium  metals  all  of  these  elements 
Te  regarded  as  forming  sesquioxides. 

SCANDIUM. 

Cleve,*  who  was  the  first  to  make  accurate  experiments 
►n  the  atomic  weight  of  this  metal,  obtained  the  following 
lata.  1.451  grm.  of  sulphate,  ignited,  gave  .5293  grm.  of 
ScjOj.  .4479  grm.  of  ScjO,,  converted  into  sulphate, 
delded  1.2255  grm.  of  the  latter,  which,  upon  ignition, 
;ave  .4479  grm.  of  ScaOg.  Hence,  for  the  percentage  of 
JcjO,  in  Sc,(S04)3  we  have: 

36.478 
36.556 
36.556 


Mean,  36.530 

Hence,  if  SOs  =  80,  Sc  =  45.044. 

Later  and  better  results  are  those  of  Nilson,t  who  con- 
rerted  scandium  oxide  into  the  sulphate.  I  give  in  a  third 
jolumn  the  percentage  of  oxide  in  sulphate : 

*  Compt.  Rend.,  89,  419. 
j-Compt.  Rend.,  91,  118. 
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•3379  grm.  Sc,0,  gave 

.9343  grm.  Sc,(SO,),. 

36.166  per  cent. 

.3015 

.8330 

36.194   " 

.2998 

.8257 

36.187   " 

.3192 

.8823 

36.178   " 

Mean,  36.181,  ±  .004 

Hence  So  =  43.980,  ±  .015;  or,  if  0  =  16,  then  Sc  = 
44.081.  If  SOa  =  80,  then  Sc  =  44.032.  These  values  are 
doubtless  very  nearly  correct. 

YTTRIUM. 

For  yttrium  we  need  consider  only  the  determinations 
of  Popp,  Delafontaine,  Bahr  and  Bunsen,  and  Cleve. 

Popp*  evidently  worked  with  material  not  wholly  free 
from  earths  of  higher  molecular  weight  than  yttria.  The 
yttrium  sulphate  was  dehydrated  at  200°;  the  sulphuric 
acid  was  theh  estimated  as  barium  sulphate ;  and  after  the 
excess  of  barium  in  the  filtrate  had  been  removed,  the 
yttrium  was  thrown  down  as  oxalate,  and  ignited  to  yield 
oxide.    The  following  are  the  weights  given  by  Popp : 


Sulphate, 

BaSO^. 

K/,C?,. 

H^O, 

1. 1805  grm. 

1.3145  gnn. 

.4742  grm. 

.255  gnn. 

1.4295  " 

i.593   " 

.5745  " 

.308  " 

.8455  " 

.9407  " 

.3392  " 

.1825  « 

1.045   " 

1. 1635  " 

.4195  " 

.2258  " 

Eliminating  water,  these  figures  give  us  for  the  percent- 
ages of  YtjOg  in  Ytj(S04)8  ^^  values  in  column  A.  In 
column  B  I  put  the  quantities  of  YtjOg  proportional  to 
100  parts  of  BaSO^ : 

A.  B. 

51237  36.075 

51.226  36.064 

51. 161  36.058 

51.209  36.055 


Mean,  51.208,  zh  .011  Mean,  36.063,  dr  .003 

From  B,  Yt  =  101.880.    The  values  in  A  will  be  com- 
bined  with  similar  data  from  other  experimenters. 

*  Ann.  Chem.  Pharm.,  131,  179. 
16' 
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In  1865  Delafontaine  *  published  some  results  obtained 
from  yttrium  sulphate,  the  yttrium  being  thrown  down  as 
oxalate  and  weighed  as  oxide.  In  the  fourth  column  I  give 
the  percentages  of  Yt,0,  reckoned  from  the  anhydrous  sul- 
phate: 

SulphaU,  Vr^Oy  H^O.         Percent.  Yif^O^. 

9545  gn»-  -371  gn»-  -216  gnn.  50237 

2.485      "  .9585  "  .565    ««  49.922 

2.153      "  .827    "  .4935  "  49.834 


Mean,  49.998,  db  .081 

In  another  paper  f  Delafontaine  gives  the  following  per- 
centages of  YtjOg  in  dry  sulphate.  The  mode  of  estima- 
tion was  the  same  as  before : 

48.23 
48.09 
48.37 

Mean,  48.23,  ±  .055 

Bahr  and  Bunsen,t  and  likewise  Cleve,  adopted  the 
method  of  converting  dry  yttrium  oxide  into  anhydrous 
sulphate,  and  noting  the  gain  in  weight.  Bahr  and  Bunsen 
give  us  the  two  following  results.  I  add  the  usual  percent- 
age column : 

K/,(9,.  y'fti^O^)^,  Per  cefit.  Vt^O^, 

.7266  grm.  1.4737  gnn.  49-304 

.7856    "  1.5956    "  49.235 


Mean,  49*2695,  ±  .0233 

Cleve's  II  results  are  published  in  a  joint  memoir  by  Cleve 
and  Hoeglund,  and  are  as  follows : 


♦Ann.  Chem.  Pharm.,  134,  108. 

t  Arch,  des  Sci.  Phys.  et  Nat.,  (2,)  25,  119.     1866. 

t  Ann.  Chem.  Pharm.,  137,  21.     1866. 

II  K.  Svenska  Vet.  Akad.  Handlingar,  Bd.  I,  No.  8. 
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y/^Oy  K/,(50J,.  Percent.  Yt^Oy 

1.4060  grm.  2.8925  grm.  48.608 

1.0930    ««  2.2515     "  48.545 

1.4540    "  2.9895     "  48.637 

1.3285    "  2.7320    **  48.627 

2.3500    "  48330    "  48.624 

2.5780    **  5.3055     "  48.591 

Mean,  48.605,  ±  .0096 

This  series  is  unquestionably  the  best  of  all.  From  it,  if 
SO3  =  80,  Yt  =.  89.485. 

Combining  all  these  data  we  have  the  subjoined  general 
mean  for  the  percentage  of  YtjOg : 

Popp 51.208,    rb  .011 

Delafontaine,  1st — -  49*998,    d=  .081 

2d 48.230,    ±.055 

Bahr  and  Bunscn 49.2695,  =fc  .0233 

Qeve 48.605,    ±.0096 

General  mean 49.637,    ±.0069 

Rejecting  Popp 48.705.    i  •0087 

From  the  general  mean  of  all,  Yt  =  97.616.  From  the 
mean  after  excluding  Popp's  work,  Yt  =  89.816,  it  .067 ; 
or,  if  0  =  16,  Yt  =  90.023. 

YTTERBIUM. 

For  ytterbium  we  have  one  very  good  set  of  determina- 
tions by  Nilson.*  The  oxide  was  converted  into  the  sul- 
phate after  the  usual  manner : 


Yb^O,, 

yh,{so,\. 

Percent,  Yb^O^. 

1.0063  giro. 

1.6186 

grm. 

62.171 

1.0139    " 

I. 6314 

" 

62.149 

.8509    - 

1.3690 

« 

62.155 

.7371     " 

1.1861 

u 

62.145 

1.0005     " 

1.6099 

« 

62.147 

.8090    " 

1.3022 

i( 

62.126 

1.0059    " 

1. 6189 

Mean, 

62.134 

,  62.147,  ±  .0036* 

*  Compt.  Rend.,  91,  56.     1880. 
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Hence  Yb  =  172.761,  ±  .038.  If  0  =  16,  then  Yb  = 
173.158.  If  SO3  =  80,  Yb  =  173.016.  The  true  number 
cannot  be  far  from  173. 

ERBIUM. 

Since  the  earth  which  was  formerly  regarded  as  the  oxide 
of  this  metal  is  now  known  to  be  a  mixture  of  two  or  three 
different  oxides,  the  older  determinations  of  its  molecular 
weight  have  little  more  than  historical  interest.  Nevertl  e- 
less  the  work  done  by  several  investigators  may  properly  be 
cited,  since  it  sheds  some  light  upon  certain  important  prob- 
lems. 

First,  Delafontaine's*  early  investigations  may  be  consid- 
ered. A  sulphate,  regarded  as  erbium  sulphate,  gave  the 
following  data.  An  oxalate  was  thrown  down  from  it, 
which,  upon  ignition,  gave  oxide.  The  percentages  in  the 
fourth  column  refer  to  the  anhydrous  sulphate.  In  the  last 
experiment  water  was  not  estimated,  and  I  assume  for  its 
water  the  mean  percentage  of  the  four  preceding  experi- 
ments : 


SulphaU. 

Er^O,. 

H^O. 

Per  cent,  £r^Oy 

.827  grm. 

.353  gnn. 

.177  grm. 

54.308 

1.0485  •* 

.4475  " 

.226     " 

54.407 

.803     " 

.3415  " 

.171     " 

54.035 

1.232     - 

.523     " 

.264    " 

54.028 

1. 1505  '* 

.495     " 

54.760 

Mean,  54.308,  d=  .0915 

Bahr  and  Bunsen  f  give  a  series  of  results,  representing 
successive  purifications  of  the  earth  which  was  studied. 
The  final  result,  obtained  by  the  conversion  of  oxide  into 
sulphate,  was  as  follows : 

.7870  grm.  oxide  gave  1.2765  grm.  sulphate.     61.653  per  cent,  oxide. 

Hoeglund,t  following  the  method  of  Bahr  and  Bunsen, 
secured  these  results : 

♦Ann.  Chem.  Pharm.,  134,  108.     1865. 

t  Ann.  Chem.  Pharm.,  137,  21.     1866. 

I  K.  Svenska  Vet.  Akad.  Handlmgar,  Bd.  i,  No.  6. 
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Er^ Oy  ErJ^SO^y  Per  cent.  Er^  0^. 

1.8760  grm.  3.0360  grm.  61.792 

1.7990    "  2.9100    "  61.821 

2.8410    "  4.5935     "  61.848 

1.2850    "  2.0775     "  61.853 

1. 1300    "  1.827      "  61.850 

.8475    "  1370      "  61.861 

Mean,  61.8375,  ±  .0063 

Humpidge  and  Burney  *  give  data  as  follows : 

1.9596  grm.  Er,(S04),  gave  1. 2147  grm.  Er^Oj.     61.987  per  cent. 
I. 9011  "  1.1781  "  61.965      " 

Mean,  61.976,  d=  .0074 

Combining  all  four  series  we  get  the  subjoined  general 
mean  for  the  percentage  of  oxide  in  sulphate.  Bahr  and 
Bunsen's  single  experiment  is  given  the  probable  error  of 
one  experiment  in  Hoeglund's  series: 

Delafontaine 54- 308,    dr  .0915 

Bahr  and  Bunsen 61.653,    ±.0178 

Hoeglund 61.8375,  zb  .0063 

Humpidge  and  Burney 61.976,    ±.0074 

General  mean 61.860,    ±.0046 

Rejecting  the  first 61.880,    ±.0046 

From  the  mean  of  all,  Er  =  170.379,  ±:  .082;  or,  if  0  = 
16,  Er  =  170.770.  From  Bahr  and  Bunsen's  determination, 
Er  =  168.683 ;  and  from  Humpidge  and  Burney's  highest, 
Er  =  171.428. 

The  foregoing  data  were  all  published  before  the  com- 
posite nature  of  the  supposed  erbia  was  fully  recognized. 
It  will  be  seen,  however,  that  three  sets  of  results  were  fairly 
comparable,  while  Delafontaine  evidently  studied  an  earth 
widely  different  from  that  investigated  by  the  others.  Since 
the  discovery  of  ytterbium,  some  light  has  been  thrown  on 
the  matter.  The  old  erbia  is  a  mixture  of  at  least  three 
earths,  to  one  of  which,  a  rose-colored  body,  the  name  erbia 
is  now  restricted.    For  the  atomic  weight  of  the  true  erbium 

*  Joum.  Chem.  Society,  Feb.,  1879,  P*  ^'^' 
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Cleve*  gives  three  values,  but  without  data  concerning 

weighings  or  methods.    Doubtless  the  oxide  was  converted 

into  sulphate,  and  the  calculations  were  made  with  SO,  = 

80: 

166.00 
166.21 
166.25 


Mean,  166.153 

With  SO3  =  79.874,  this  becomes  165.891,  and  if  only  0 
=  16,  166.273.  These  figures  are  imdoubtedly  the  nearest 
yet  reached  to  the  true  value.  According  to  Thal6n,t  who 
reasons  from  spectroscopic  evidence,  the  erbium  of  Hoeglund 
was  largely  ytterbium. 

TERBIUM,  SAMARIUM,  PHILIPPIUM,  DECIPIUM,  THULIUM, 
HOLMIUM,  AND   SORET's   EARTH   X. 

Concerning  these  substances,  real  or  alleged,  the  data  are 
exceediagly  vague.  For  phillippium  DelafontaineJ  gives 
an  atomic  weight  approximating  to  123  or  125,  and  in  the 
same  memoir  decipium  is  put  at  171.  It  seems  probable  that 
philippium  may  be  identical  with  Cleve^s  holmium  and  the 
metal  of  Soret's  earth  X,  while  decipium  comes  near  Cleve's 
thulium,  for  which  the  discoverer  gives  a  value  of  about 
170.7.11  If  decipium  and  thulium  are  identical,  or  if  either 
proves  to  be  erbium  or  ytterbium  contaminated  with  the 
other,  then  we  shall  have  a  triad  of  metals  with  atomic 
weights  ranging  from  Er  =  166  to  Yb  =  173,  strikingly 
parallel  with  lanthanum,  cerium,  and  didymium.  If  we 
take  the  natural  arrangement  of  the  elements  as  tabulated 
after  Mendelejeff's  plan,  somewhat  modified  in  Roscoe  and 
Schorlemmer^s  "  Treatise  on  Chemistry ,§  we  find  that  such 
a  triad  should  exist,  and,  furthermore,  that  another  similar 

♦Compt.  Rend.,  91,  382. 

fPoggend.  Beiblatter,  5,  122.     1881. 

X  Arch,  des  Sci.  Phys.  et  Nat.,  Mars,  1880. 

II  Compt.  Rend.,  91,  329.     1880. 

{  Vol.  2,  Part  2,  p.  507. 
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group  ought  to  lie  between  indium  and  tin.  The  latter 
triad  should  have  atomic  weights  ranging  from  114  to  117 ; 
and  here  possibly,  or  else  forming  a  triad  with  yttrium,  the 
other  metals  of  this  group  may  lie. 


COLUMBIUM* 

The  atomic  weight  of  this  metal  has  been  determined  by 
Rose,  Hermann,  Blomstrand,  and  Marignac.  Rosef  anal- 
yzed a  compound  which  he  supposed  to  be  chloride,  but 
which,  according  to  Rammelsberg,t  must  have  been  nearly 
pure  oxychloride.  If  it  was  chloride,  then  the  widely  vary- 
ing results  give  approximately  Cb  =  122 ;  if  it  was  oxy- 
chloride, the  value  becomes  nearly  94.  If  it  was  chloride, 
it  was  doubtless  contaminated  with  tantalum  compounds. 

Hermann's  II  results  seem  to  have  no  present  value,  and 
as  for  Blomstrand's,§  I  am  not  able  to  get  at  a  copy  of  his 
original  memoir.  The  results  of  the  latter  chemist  are  thus 
summed  up  in  Becker's  "  Digest."  Three  chlorine  estima- 
tions in  the  pentachloride  give,  in  mean,  Cb  =  96.67. 
Eleven  weighings  of  columbic  acid  from  the  same  com- 
pound make  Cb  =  96.16.  Other  experiments  on  sodium 
columbate  lead  Blomstrand  to  regard  95  as  the  most  prob- 
able value. 

Marignac  t  made  about  twenty  analyses  of  the  potassium 
fluoxycolumbate,  CbOF3.2KF.H2O.  100  parts  of  this  salt 
give  the  following  percentages : 

CbjOj Extremes  44.15  to  44.60    Mean,  44.36 

K,S04 "        57.60  "  58.05 

H,0 "  5.75  "    5.98 

F "        30.62  "  32.22 

*  This  name  has  priority  over  the  more  generally  accepted  "  niobium/'  and 
therefore  deserves  preference. 

t  Poggcnd.  Annal.,  104,  439.     1858. 
t  Poggend.  Annal.,  136,  353.     1869. 
II  Joum.  ftir  Prakt.  Chem.,  68,  73.     1856. 
j  Acta  Univ.  Lund,  1864. 
f  Archives  des  Sci.  Phys.  et  Nat.,  (2,)  23,  258.     1865. 
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From  the  mean  percentage  of  Cb^Oj,  Cb  =  93.217.  If 
0  =  16,  this  becomes  93.431. 

From  the  mean  between  the  extremes  given  for  KjSO^, 
Cb  =  93.812.    If  0  =  16,  this  becomes  94.027. 

As  Deville  and  Troost's  *  results  for  the  vapor  density  of 
the  chloride  and  oxychloride  agree  fairly  well  with  Cb  = 
94,  we  may  adopt  this  value  as  approximately  correct. 


TANTALUM. 


The  results  obtained  for  the  atomic  weight  of  this  metal 
by  Berzelius,t  Ilose,t  and  Hermann  ||  may  be  fiiirly  left  out 
of  account  as  valueless.  These  chemists  could  not  have 
worked  with  pure  preparations,  and  their  data  are  suflS- 
ciently  summed  up  in  Becker's  "  Digest." 

Marignac  §  made  four  analyses  of  a  pure  potassium  fluo- 
tantalate,  and  four  more  experiments  upon  the  ammonium 
salt.  The  potassium  compound,  KjTaF^  was  treated  with 
sulphuric  acid,  and  the  mixture  was  then  evaporated  to  dry- 
ness. The  potassium  sulphate  was  then  dissolved  out  by 
water,  while  the  residue  was  ignited  and  weighed  as  Ta,0,. 
100  parts  of  the  salt  gave  the  following  quantities  of  TajO^ 
and  K,SO, : 


Ta^O^, 

K\SO,, 

56.50 

44.37 

56.75 

44.35 

56.55 

44.22 

56.56 

44.24 

Mean,  56.59.  ±:  ,037 

Mean,  44-295,  ±l  .026 

*  Comptcs  Rend.,  56,  891.     1863. 

t  Poggend.  Annal.,  4,  14.     1825.     Lehrbuch,  3,  1209. 

X  Poggend.  Annal.,  99,  80.     1856. 

II  Journ.  fUr  Prakt.  Chem.,  70,  193.     1857. 

\  Archives  des  Sci.  Phys.  et  Nat.,  26,  89,  scrie  2.     1866. 
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From  these  figures,  100  parts  of  K2SO4  correspond  to  the 
subjoined  quantities  of  Ta^Os : 

127.338 
127.960 
128.178 
127.848 

Mean,  127.831,  ±  .120 

The  ammonium  salt,  (NH4)jTaF7,  ignited  with  sulphuric 
acid,  gave  these  percentages  of  TajOj.  The  figures  are  cor- 
rected for  a  trace  of  K 2 SO 4  which  was  always  present: 

63.08 
63.24 
63.27 
63.42 

Mean,  63.25,  ±  .047 

Hence  we  have  four  values  for  Ta : 

From  potassium  salt,  per  cent.  Ta^Og Ta  =  183.033,  ±  .343 

KjSO^ "   =  181.619,  dfc  .242 

K,SO^  :  Ta,05 "   =  182.361,  ±  .4" 

"      ammonium  salt,  per  cent.  Ta^Oj "   =  182.149,  d:  .456 

General  mean "   =  182.144,  ±  .166 

Or,  if  0  =  16,  Ta  =  182.562. 

If  we  assume  K  =  39,  0  =  16,  F  =  19,  S  =  32,  and  N= 
14;  the  percentage  of  KjSO^  from  K,TaF,  gives  Ta  = 
181.912;  and  the  analyses  of  the  ammonium  salt  make 
Ta  =  182.020.  Evidently,  182  is  not  far  from  the  true 
value. 


PLATINUM. 


For  this  metal  we  have  to  consider  only  experiments  by 
Berzelius,  by  Andrews,  and  by  Seubert.  In  an  early  paper 
Berzelius*  reduced  platinous  chloride,  and  found  it  to  con- 
tain 73.3  per  cent,  of  platinum.    Hence,  Pt  =  194.204,  a 

*  Poggend.  Annal.,  8,  177.     1826. 
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value  very  near  that  obtained  most  recently  by  Seubert.  In 
his  later  investigations,  Berzelius*  studied  the  potassium 
chloroplatinate,  KjPtClj.  6.981  parts  of  this  salt,  ignited 
in  hydrogen,  lost  2.024  of  chlorine.  The  residue  consisted 
of  2.822  platinum,  and  2.135  potassium  chloride.  From 
these  data  we  may  calculate  the  atomic  weight  of  platinum 
in  four  ways : 

1st.  From  loss  of  CI  upon  ignition R  =  197.722 

2d.       "      weight  of  Pt  in  residue "  =  196.942 

3d.       "  "      KCl        «         _— "=-196.215 

4th.      "      ratio  between  KCl  and  Pt "  =  196.652 

The  last  of  these  values  is  undoubtedly  the  most  reliable, 
since  it  involves  no  errors  due  to  the  possible  presence  of 
moisture  in  the  salt  analyzed.  If  O  =  16,  the  value  be- 
comes Pt  =  197.104. 

The  work  done  by  Andrews  t  is  even  less  satisfactory  than 
the  foregoing,  for  the  reason  that  its  foil  details  seem  never 
to  have  been  published.  Andrews  dried  potassium  chloro- 
platinate at  105°,  and  then  decomposed  it  by  means  of  zinc 
and  water.  The  excess  of  zinc  having  been  dissolved  by 
treatment  with  acetic  and  nitric  acids,  the  platinum  was 
collected  upon  a  filter  and  weighed,  while  the  chlorine  in 
the  filtrate  was  estimated  by  Pelouze's  method.  Three 
determinations  gave  as  follows  for  the  atomic  weight  of 
platinum  : 

197.86 
197.68 
198.12 

Mean,  197.887 

If  we  assume  that  these  values  were  calculated  with  K  = 
39  and  CI  =  35.5,  the  mean,  corrected  by  our  later  figures 
for  these  elements,  becomes  Pt  =  197.382?  If  0  =  16,  this 
becomes  Pt  =  197.836.  Unfortunately,  Andrews  does  not, 
in  his  brief  note  upon  the  subject,  indicate  the  manner  by 
which  his  calculations  were  made. 

*  Poggend.  Annal.,  13,  468.     1828. 

f  fintish  Association  Report,  1852.      CHiem.  Gazette,  10,  380. 
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Latest  of  all  we  have  to  consider  the  experiments  of 
Seubert.*  This  chemist  prepared  very  pure  chloroplati- 
nates  of  ammonium  and  potassium,  and  from  their  compo- 
sition deduced  the  atomic  weight  of  the  metal  under  con- 
sideration. The  ammonium  salt,  (NH  ^ )  ^  PtCl  g  was  analyzed 
by  heating  in  a  stream  of  hydrogen,  expelling  the  excess  of 
that  gas  by  a  current  of  carbon  dioxide,  and  weighing  the 
residual  metal.  In  three  experiments  the  hydrochloric  acid 
formed  during  such  a  reduction  was  collected  in  an  absorp- 
tion apparatus,  and  estimated  by  precipitation  as  silver 
-chloride.  Three  series  of  results  are  given  for  the  percent- 
age of  platinum  in  this  salt,  together  with  another  single  re- 
sult which  may  be  considered  alone.    Here  are  the  figures  • 

Series  /.  Series  II.  Series  III 

43-957  43.871  43.990 

43.948  43-876  43986 

43.960  43.872  44.001 
43.946  43-881  44.020 
43-963  43-875  43-994 

43.961  43.879  43.996 
44-004 

Mean,  43.956,  d=  .002     Mean,  43.876,  db  .001  44.026 

43.998 

Mean,  44.001,  dt  .003 

These  series  represent  three  preparations.  The  additional 
single  experiment  above  referred  to  was  made  with  material 
belonging  to  series  II,  but^recrystallized  from  water.  This 
salt  gave  43.955  per  cent,  of  platinum,  a  figure  to  which  we 
may  assign  the  probable  error  of  one  experiment  in  the 
first  series.  Combining,  we  get  the  subjoined  general  mean 
percentage  of  Pt  in  (NH  J,PtCle : 

Series  lA 43.956,  dt  .002 

"      II 43.876,  ±:  .001 

"      III.-^ .:—  44.001,  ±.  .003 

Extra  experiment 43.955»  ±  .004 

General  mean 43.907,  zb  .0009 

♦Ber.  der  Deutsch.  Chem.  Gesell.,  14,  86$.     1881. 
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Hence  Pt  =  194.314,  dz  .078.  If  N  =  14,  and  a  =  35.5, 
then  Pt  =  194.906.  Calculating  with  Stas'  values  for  N  and 
CI,  Seubert  gets  from  the  four  results  combined  above,  the  fol- 
lowing figures  for  Pt,  respectively :  194.685, 194.039, 195.034, 
194.665. 

For  the  chlorine  estirafations  in  the  ammonium  salt  the 
subjoined  weighings  are  given : 

Salt.  Pt.  Aga. 

2.7054  grai.  1.1871  grm.  5.2226  grm. 

2.2748    "  .  .9958    "  4.3758     " 

3.0822    "  1-3561     ^*  5*9496    " 

Hence  100  parts  of  AgCl  correspond  to  the  following 

quantities  of  salt : 

51.802 
51.986 
51-805 

Mean,  51.864,  4=  .041 

Hence,  calculating  directly  from  the  ratio  between  6AgCl 
and  (NH4),PtCl„  Pt  =  196.871,  ±  .363. 

Seubert  himself  reckons  the  percentage  of  chlorine  from 
the  weight  of  silver  chloride,  and  then  calculates  the  ratio 
between  Clg  and  Pt.  He  thus  finds,  with  Stas'  value  for  CI, 
Pt  =  195.330. 

The  potassium  salt,  KjPtClg,  was  also  analyzed  by  igni- 
tion in  hydrogen,  treatment  with  water,  and  weighing  both 
the  platinum  and  the  potassium  chloride.  These  percent- 
ages were  found : 


Pt. 

AT/. 

40.119 

30.706 

40.120 

30.728 

40.076 

30.698 

40.070 

30.666 

40.107 

30.:ioo 

40.120 

30.627 

40.114 

30.710 

40.130 

.005 

50.621 

Mean  40.107,  ± 

Mean,  30.682,  ±  .009 

From  the  first  column 

— Pt  =  194.370.  ±  .068 

"        second " 



...  "  =  194-645.  ±  -213 
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If  K  =  39,  and  CI  =  35.5,  the  first  column  gives  Pt  = 
194.933.  Seubert,  from  the  percentage  of  platinum,  gets 
Pt  =  194.392 ;  and  from  the  ratio  2Ka  :  Pt  he  finds  Pt  = 
194.494. 

As  with  the  ammonium  salt,  three  experiments  were  made 
upon  the.  potassium  compound  to  determine  the  amount  of 
<;hlorine  lost  upon  reduction  in  hydrogen.  I  cite  the  weigh- 
ings, and  add  in  a  fourth  column  the  quantity  of  K^PtCle 
proportional  to  100  parts  of  AgCl.  This  AgCl  represents 
but /our  atoms  of  the  chlorine: 

Salt.                         PL                       AgCl.  Ratio. 

6.7771  grm,  2.7158  grm.  7-9725  gnn.  85.006 

3.5834    "  1.4372     **  4.2270    "  84.774 

4.4IJ9    "  1. 7713     "  5.2144     ••  84.648 


Mean,  84.809,  dr  .071 

Hence  Pt  =  195.002,  =h  .415.  If  K  =  39,  Ag  =  108,  and 
€1  =  35.5,  then  Pt  =  194.955.  Seubert,  calculating  the  i>er- 
centage  of  chlorine  and  thence  the  ratio  Cl^  :  Pt,  gets  Pt  = 
194.631. 

Combining  all  the  values  we  have  the  following  result 
for  the  atomic  weight  of  platinum : 


From  per  cent.  Pt  in  (NH4)2PtClg Pt  =  194.314,  ±  .078 

"      6AgCl  :  (NH4),PtCle  ratio "  =  196.871,  ±  .363 

"     percent.  Pt  in  K,PtClg  __ _"  =  194.370,  ±  .068 

"  "       KCl        "         "  =194.645,1^.213 

"      4AgCl  :  KjPtCl,  ratio "  =  195.002,  ±  .415 


General  mean "  =  194.415,  zb  .049 

Or,  if  0  =  16,  Pt  =  194.867. 

Seubert,  taking  the  arithmetical  mean  of  his  eight  values, 
^ets  Pt  =  194.620.  He  regards,  however,  those  results  as 
best  which  are  dependent  upon  the  percentage  of  platinum 
in  the  ammonium  salt,  and  upon  the  complete  analysis  of 
the  potassium  compound.  These  give  him  a  mean  of  Pt  = 
194.461,  which,  if  corrected  by  reduction  to  a  vacuum  stand- 
ard, becomes  Pt  =  194.34. 

In  will  be  noticed  that  three  of  the  ratios,  calculated  with 
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K  =  39,  N  =  14,  Ag  =  108,  and  CI  =  35.5,  give  nearly 

Pt  =  195,  namely : 

194.906 

194.933 
194.955 

The  general  mean  of  all,  if  0  =  16,  gives  Pt  =  194.867. 
Hence,  for  all  practical  calculations,  the  value  195i  may  be 
safely  employed. 


OSMIUM. 

The  atomic  weight  of  this  metal  has  been  determined  by 
Berzelius  and  by  Fremy. 

Berzelius  *  analyzed,  potassium  osmichloride,  igniting  it 
in  hydrogen  like  the  corresponding  platinum  salt.  1.3165 
grammes  lost  .3805  of  chlorine,  and  the  residue  consisted  of 
.401  grm.  of  potassium  chloride,  with  .535  grm.  of  osmium. 
Calculating  only  from  the  ratio  between  the  Os  and  the  KCl, 
we  have,  Os  =  198.494 ;  or,  if  0  =  16,  Os  =  198.951. 

Fremy's  determination  f  is  based  upon  the  composition  of 
osmium  tetroxide.  No  details  as  to  weighings  or  methods 
are  given ;  barely  the  final  result  is  stated.  This,  if  0  = 
15.9633,  is  Os  =  199.190.    If  0  =  16,  Os  =  199.648. 

Berzelius'  work  is  evidently  entitled  to  preference,  although 
neither  determination  is  in  any  sense  equal  to  the  present 
requirements  of  chemical  science.  The  values  given  are 
doubtless  several  units  too  high. 


IRIDIUM. 


The  only  early  determination  of  the  atomic  weight  of 
iridium  was  made  by  Berzelius,!  who  analyzed  potassium 
iridichloride  by  the  same  method  employed  with  the  plati- 
num and  the  osmium  salts.    The  result  found  from  a  single 

*  Poggend.  Annal.,  13,  530.     1828. 

t  Compt.  Rend.,  19,  468.     Jouni.  fiir  Prakt.  Chem.,  ^^,  410.     1844. 

t  Poggend.  Annal.,  13,  435.     1828. 
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analysis  was  not  far  from  Ir  =  196.7.  This  is  now  known 
to  be  too  high.  I  have  not,  therefore,  thought  it  worth 
while  to  recalculate  Berzelius'  figures,  but  give  his  estima- 
tion as  it  is  stated  in  Roscoe  and  Schorlemmer's  "  Treatise 
on  Chemistry." 

In  1878  the  matter  was  taken  up  by  Seubert,*  who  had  at 
his  disposal  150  grammes  of  pure  iridium.  From  this  he 
prepared  the  iridichlorides  of  ammonium  and  potassium, 
(NH4)2lrCle  and  KjIrCl^,  which  salts  were  made  the  basis 
of  his  determinations.  The  potassium  salt  was  dried  by 
gentle  heating  in  a  stream  of  dry  chlorine. 

Upon  ignition  of  the  ammonium  salt  in  hydrogen,  metal- 
Uc  iridium  was  left  behind  in  white  coherent  laminse.  The 
percentages  of  metal  found  in  seven  estimations  were  as  fol- 
lows: 

43-742 

43.725 

43-745 

43.739  ' 

43-726 

43.739 
43-705 

Mean,  43-732,  ±  .0035 

The  potassium  salt  was  also  analyzed  by  decomposition 
in  hydrogen  with  special  precautions.  In  the  residue  the 
iridium  and  the  potassium  chloride  were  separated  after  the 
usual  method,  and  both  were  estimated.  Eight  analyses 
gave  the  following  results,  expressed  in  percentages : 


Ir, 

2KCL 

a,. 

39-831 

30.829 

29.290 

39.890 

30.842 

29.277 

39.868 

30.813 

29.300 

39.876 

30.835 

29.289 

39.877 

30.825 

29.287 

39879 

30.811 

29.310 

39.882 

30.814 

29.285 

39-883 

.0015 

30.792 

29.288 

Mean.  39.880,  ± 

30.820,  ±  .0037 

29.291,  ±  .0024 

♦Ber.  d.  Deutsch.  Chem.  Gesell.,  11,  1767. 
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From  these  data  several  values  for  the  atomic  weight  of 
iridium  may  be  calculated  : 

From  percent.  Ir  itt  (NH4),IrCl^ Ir=  192.951,  rfc  .064 

"      IC,IrCIe ."  =  192.536,  rb  .060 

"  KCl  in  "        "  =  192.474,  rb  .III 

Cl^  in     «       "  =  192.757,  rh  .148 

General  mean "  =  192.702,  ±  .039 

If  O  =  16,  this  becomes  Ir  =  193.145. 

In  the  potassium  salt,  instead  of  calculating  from  the  per- 
centages directly,  we  may  reckon  upon  the  ratios  between 
Ir  and  CI  4,  and  between  Ir  and  2KC1 : 

From  Ir  :  Cl^  ratio Ir  —  192.626,  dr  .081 

"      Ir:2KCI  ratio •*  =  192.514,  ±  .044 

General  mean **  =  192.539,  db  .039 

Or,  if  0  =  16,  Ir  =  192.982. 

Again,  we  may  combine  this  mean  with  the  value  derived 
from  the  ammonium  iridichloride,  and  so  estimate  the  re- 
lative importance  of  the  latter : 

From  K^IrClj Ir  =  192.539,  d=  .039 

*•      (NH^yrClj *•  =  I92.95^±  -064 

General  mean "  =  192.651,  dr  .033 

If  0  =  16,  this  becomes  Ir  =  193.094. 

We  may  assume,  then,  from  all  the  facts  before  us,  that  if 
0  =  16,  the  atomic  weight  of  iridium  varies  from  the  even 
number  193  only  within  the  limits  of  experimental  error. 


PALLADIUM. 


The  atomic  weight  of  palladium  has  been  studied  by  Ber- 
zelius  and  by  Quintus  Icilius.  In  an  early  paper  Berzelius* 
found  that  100  parts  of  the  metal  united  with  28.15  of  sul- 
phur. Hence  Pd  =  113.63,  a  result  which  is  unquestionably 
far  too  high. 

*Pog^nd.  Annal.,  8,  177.     1826. 
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In  a  later  paper*  Berzelius  published  two  analyses  of 
potassium  palladiochloride,  K ,  PdCl  ^ .  The  salt  was  decom- 
posed by  ignition  in  hydrogen,  as  was  the  case  with  the 
double  chlorides  of  potassium  with  platinum,  osmium,  and 
iridium.  Reducing  his  results  to  percentages,  we  get  the 
following  composition  for  the  substance  in  question : 

Pd.  2KCL  a^. 

32.726  46.044  21.229 

32.655  45.741  21.604 


Mean,  32.690  45.892  21.416 

From  these  percentages,  calculating  directly,  very  dis- 
cordant results  are  obtained : 

From  percentage  of  metal Pd  =  106.612 

"  "  KCl «*   =104.674 

"  "  CI,,  (loss) "   =  110.796 

Obviously,  the  only  way  to  get  satisfactory  figures  is  to 
calculate  from  the  ratio  between  the  Pd  and  2KC1.  Doing 
this,  we  get,  Pd  =  105.737;  or,  if  0  =  16,  Pd  =  105.981. 

This  last  value  varies  so  slightly  from  the  even  number 
106  that  the  latter  may  be  safely  used  for  all  purposes  of 
chemical  calculation. 

The  determination  made  by  Quintus  Icilius*  need  be 
given  only  for  the  sake  of  completeness.  He  ignited  potas- 
sium palladichloride  in  hydrogen,  and  found  the  following 
amounts  of  residue.    His  weights  are  here  recalculated  into 

percentages : 

.  64.708 
64.965 
64.781 


Mean,  64.818 

From  this  mean,  Pd  =  111.879.  Upon  looking  at  the 
values  deduced  from  Berzelius'  figures,  it  will  be  seen  that 

*  Poggend.  Annal.,  13,  454.  1828. 

t "  Die  Atomgewichte  vom  Pd,  K,  CI,  Ag,  C,  und  H,  nach  der  Metliode  der 
kleinsten  Quadrate  berechnet.''  Inaug.  Diss.  Gdttingen,  1847.  Contains  no 
oiher  original  analyses. 
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the  highest,  110.796,  is  calculated  from  the  chlorine  lost 
upon  igniting  the  palladiochloride.  The  same  kind  of 
error  which  vitiates  that  result  probably  aflfects  also  these 
data  drawn  from  the  palladiochloride. 


RHODIUM. 

Berzelius*  determined  the  atomic  weight  of  this  metal 
by  the  analysis  of  sodium  and  potassium  rhodiochlorides, 
NagRhCle,  and  K^RhCl^.  The  latter  salt  was  dried  by 
heating  in  chlorine.  The  compounds  were  analyzed  by  re- 
duction in  hydrogen,  after  the  usual  manner.  Reduced  to 
percentages  the  analyses  come  out  as  follows : 

In  Na^RhCl^^ 

Rh.                                sNaCl.  Cl^. 

26.959                                45.353  27.189 

27.229                               45- 30^  27.470 

27.616 

Mean,  27.094                             45-577  

27.425 

In  K^RhCly 

Rh.                                2KCI.  Cl^, 

28.989                              41-450  29.561 

* 

From  the  analyses  of  the  sodium  salt  we  get  the  following 
values  for  Rh : 

From  per  cent,  of  metal i Rh  =  104.507 

"  "  NaCl _—  "    =  102.980 

a, "=105.696 

"     ratio  between  CI,  and  Rh "   =  104.829 

«*  "         NaCl       "       "   =  104.093 

These  are  discordant  figures,  and  indicate  some  doubt  as 
to  purity  of  material.  The  last  value  is  fairly  good,  how- 
ever, and  is  confirmed  by  results  from  the  potassium  com- 
pound : 

*  Poggend.  Annal.,  13,  435.     1828. 
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From  per  cent,  of  metal Rh  =  104.054 

KCl "   =104.046 

"  "  a, "   =104.065 

"     Rh  :  CI5  ratio **   =  104.057 

"     Rh  :  KCl  ratio "   =  104.051 

Mean "  =  104.055 

If  O  =  16,  this  becomes  Rh  =  104.285. 


RUTHENIUM. 

The  atomic  weight  of  this  metal  has  been  determined 
only  by  Glaus.*  Although  he  employed  several  methods^ 
the  only  results  worthy  of  present  notice  come  from  the 
analysis  of  potassium  rutheniochloride,  KjRuClj.     The 


salt  was  dried 

by  heating 

to  200^ 

^in 

chlorine  gas,  but  even 

then  retained  a  trace  of  water. 

The 

1  percentage  results  of 

analysis  are  as 

follows : 

j?«. 

2KCL 

c/3. 

28.96 

40.80 

30.24 

28.48 

41.39 

30.22 

28.91 

41.08 

30.04 

Mean,  28.78 

41.09 

30.17 

Reckoning  directly  from  the  percentages  we  get  the  fol- 
lowing discordant  values  for  Ru : 

From  percentage  of  metal Ru  =  103.016 

"  "  KCl "    =  107.190 

CI, "   =    96.854 

Obviously,  the  best  result  is  to  be  obtained  from  the  ratio 
between  Ru  and  2KC1.  This  gives  Ru  =  104.217 ;  or,  if 
0  =  16,  Ru  =  104.457.  But  little  weight  can  be  attached 
to  this  determination. 

*  Joum.  fUr  Prakt.  Chem.,  34,  435.     1845. 
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APPENDIX. 


ON  DUMAS'  CORRECTION  AND  PROUT'S  HYPOTHESIS. 

In  the  year  1815  Prout  put  forth  his  famous  hypothesis 
that  the  atomic  weights  of  all  the  elements  were  multiples 
of  that  of  hydrogen.  His  views  were  adopted  by  many 
qhemists,  but  opposed  by  others;  among  them  Berzelius 
and  Turner;  and  down  to  the  present  day  "Front's  Law" 
has  been  the  subject  of  earnest  controversy.  Of  course  the 
feet  was  early  recognized  that  in  its  original  form  the  hy- 
pothesis could  not  stand,  and  accordingly  it  was  modified 
by  Dumas  in  such  manner  that  half  and  quarter  multiples 
of  the  atomic  weight  of  hydrogen  were  considered  as  well 
as  the  whole  numbers. 

But  of  late  years  Front's  hypothesis,  even  with  its  elastic 
modification,  has  been  in  disfavor.  Only  a  few  chemists  still 
clung  to  it  as  the  representative  of  a  veritable  law.  The 
researches  of  Stas  were  especially  directed  towards  ascertain- 
ing its  truth  or  falsity ;  and  his  results,  as  well  as  those  ob- 
tained by  Marignac,  were  such  as  to  lead  most  chemists  to 
the  belief  that  it  had  been  forever  overthrown.  The  atomic 
weights  determined  by  Stas  agreed  neither  with  whole,  half, 
nor  quarter  multiples  of  that  of  hydrogen,  and  the  varia- 
tions seemed  to  be  wholly  outside  the  range  of  recognizable 
experimental  errors. 

In  1878,  however,  a  probable  source  of  error  in  some  of 
Stas'  researches  was  pointed  out  by  Dumas.*  Many  of  Stas' 
ratios  had  involved  the  use  of  pure  metallic  silver,  which 
had  been  fused  under  a  cover  of  borax  containing  a  little 


*  Ann.  Chim.  Phys.,  (5s.,)  14,  289. 
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nitre.  Such  silver  Dumas  heated  to  redness  in  a  Sprengel 
vacuum,  and  found  that  it  gave  up  weighable  quantities  of 
oxygen,  which  had  been  absorbed  by  the  metal  when  in  the 
melted  state.  In  one  experiment  a  kilogramme  of  silver 
gave  82  milligrammes  of  occluded  gas,  and  in  three  other 
cases  226, 140,  and  249  milligrammes  respectively  were  found. 
In  other  words,  the  silver  which  had  been  considered  pure 
by  Stas  and  others,  was  really  not  pure,  and  a  correction 
became  necessary  in  nearly  all  series  of  atomic  weight  de- 
terminations. 

The  amount  of  this  correction,  which  I  think  may  here- 
after be  appropriately  designated  as  "Dumas'  correction," 
will  naturally  vary  in  different  cases,  and  in  no  particular 
case  can  we  tell,  without  actual  examination  of  the  silver 
employed,  exactly  how  great  it  should  be.  We  may,  how- 
ever, assume  that  all  the  metallic  silver  heretofore  used  in 
estabUshing  atomic  weight  ratios  was  subject  to  it;  and, 
reckoning  from  the  largest  error  indicated  in  the  experi- 
ments of  Dumas,  namely,  249  milligrammes  of  oxygen  in 
the  kilogramme  of  metal,  we  may  ascertain  its  tendency 
with  reference  to  Front's  law. 

In  the  chapter  uport  the  atomic  weights  of  silver,  chlorine, 
bromine,  iodine,  potassium,  sodium,  and  sulphur,  twenty 
ratios  are  given,  of  which  nine  are  subject  to  Dumas'  cor- 
rection. Applying  it  as  suggested  above,  we  get  the  follow- 
ing results.  The  values  previously  found  and  given  in  the 
chapter  just  quoted,  we  may  designate  as  uncorrected.  For 
convenience  in  future  reference  I  assume  that  0  =  16 : 

Uncorrected.  Corrected,  Difference. 

Silver 107.923  107.896  — .027 

Chlorine-.- —       35-45>  35-478  -|- .027 

Bromine 79-951  79- 97^  -|-  .027 

Iodine 126.848  126.875  +  -027 

Potassium 39-109  39-o83  — .026 

Sodium 23.051  23.024  —  .027 

Sulphur 32.058  32.058  

The  result  of  the  correction,  it  will  be  seen,  is  generally 
favorable  to  Front's  hypothesis.     Of  the  seven  elements 
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under  consideration,  one  has  its  atomic  weight  unaflFected, 
one  is  rendered  less  in  accord  with  the  hypothesis,  and  five 
approximate  more  closely  than  before  to  even  multiples  or 
multiples  half  of  hydrogen. 

In  the  later  chapters  of  this  work  the  effect  of  Dumas' 
correction  is  generally  less  striking.  One  general  state- 
ment, however,  may  be  made  concerning  it.  Whenever  the 
atomic  weight  of  a  metal  is  calculated  from  the  ratio  between 
its  haloid  salts  and  metallic  silver,  the  total  effect  of  Dumas' 
correction,  including  the  above  corrections  for  the  halogens 
themselves,  will  be  to  lower  the  final  result.  This  point  will 
be  further  considered  presently.  Only  chlorine,  bromine, 
and  iodine  have  their  atomic  weights  raised  by  the  correc- 
tion. 

In  view  of  Dumas'  correction  the  question  naturally  arises 
as  to  how  far  other  metals,  used  in  atomic  weight  researches, 
may  occlude-  gaseous  impurities.  For  example,  when  the 
atomic  weight  of  oxygen  is  fixed  by  the  synthesis  of  water 
over  copper  oxide,  may  not  the  copper  occlude  appreciable 
quantities  of  the  hydrogen  in  which  it  cools?  If  it  does, 
then  the  apparent  weight  of  metallic  copper  would  be  too 
high,  and  the  atomic  weight  of  oxygen  would  come  out  too 
low.  Such  an  error  might  possibly  account  for  the  differ- 
ence Between  16  and  15.9633  in  the  atomic  weight  of  oxygen, 
and  it  would  also  increa^  the  atomic  weight  of  copper  as 
determined  by  the  same  process.  At  all  events,  every  metal 
of  which  the  atomic  weight  has  been  determined  by  the  re- 
duction of  its  compounds  in  hydrogen,  ought  to  be  scrupu- 
lously investigated  with  reference  to  the  possible  occlusion 
of  gaseous  impurities.  With  all  of  these  metals  the  effect 
of  such  impurities  would  be  to  render  the  apparent  atomic 
weights  decidedly  too  high. 

Although  every  series  of  atomic  weight  determinations 
must  be  considered  by  itself,  and  weighed  on  its  own  merits, 
.  it  may  not  be  out  of  place  for  me  just  here  to  point  out  two 
general  sources  of  error  in  addition  to  the  one  we  have  been 
considering.  First,  every  value  after  oxygen,  with  one  or 
two  partial  exceptions,  involves  whatever  error  may  attach 
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to  the  atomic  weight  of  oxygen.  If  the  latter  be  16,  instead 
of  15.9633,  this  error  in  some  instances  becomes  multiplied 
to  a  large  fraction  of  a  unit,  as  the  subjoined  example  will 
show. 

If  O  =  i6,  the  atomic  weight  of  uranium  =  239.030 

If  o  =  1 5.9633*         "  "  =  238.482 


Difference 0.548 

Other  similar  errors  are  repeated  continually.  The  value 
assigned  to  any  element  is  necessarily  aflFected  by  whatever 
errors  may  attach  to  the  atomic  weights  of  those  other  ele- 
ments through  whose  medium  it  is  compared  with  the 
standard,  hydrogen.  Thus,  the  atomic  weight  of  carbon 
depends  upon  that  of  oxygen ;  calcium  depends  upon  both 
carbon  and  oxygen ;  and  fluorine,  as  determined  from  cal- 
cium fluoride,  involves  the  foregoing  elements,  together  with 
sulphur,  silver,  and  chlorine.  Since,  however,  some  atomic 
weights  are  affected  by  plus  errors  and  others  by  minus 
errors,  there  is  a  fortunate  tendency  to  compensation  of 
errors  in  cases  like  that  of  fluorine,  and,  in  reality,  better 
results  are  obtained  than  considerations  such  as  these  would 
lead  us  to  look  for. 

Another  general  source  of  error  is  to  be  found  in  the  fact 
that  some  of  the  weighings  involved  in  our  discussions  had 
been  reduced  to  absolute  standards,  while  others  were  merely 
uncorrected  weighings  in  air.  The  errors  thus  introduced 
into  the  work  are  doubtless  small,  but  still  they  ought  not  to 
be  absolutely  ignored. 

Now,  having  considered  the  larger  classes  of  errors,  we 
may  properly  pass  on  to  a  comparison  of  our  atomic  weights 
with  reference  to  Prout^s  hypothesis.  In  order  to  facilitate 
work,  I  have  tabulated  the  figures  in  two  columns,  one 
giving  atomic  weights  referred  to  hydrogen  as  unity,  tlie 
other  based  upon  the  standard  of  oxygen  as  exactly  sixteen. 
Such  imperfectly  known  elements  as  decipium,  philippium, 
samarium,  terbium,  and  thulium  are  not  included. 
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TABLE  OF  ATOMIC  WEIGHTS. 


H  = 

=  I. 

0=16. 

Remarks. 

• 

Aluminam 

27.009, 

±  .003 

27.075 

Antimony 

"9-955» 

rfc  .036 

120.231 

Cooke's  and  Schneider's  data. 

Arsenic 

74.918, 

db  .016 

75.090 

Barium 

136.763. 

dr.031 

137.007 

Bismuth 

207.523. 

±:  .082 

208.001 

From  Schneider's  data. 

Boron 

10.941, 

db  .023 

10.966 

Bromine 

79.768, 

±  .019 

79.951 

Cadmium.. 

I I 1.835. 

=b  .024 

112.092 

Caesium  _— .  .— 

132. 583* 

±  .024 

132.918 

Calcium 

39.990, 

d=  .010 

40.082 

Carbon 

11.9736 

,  dr  .0028 

I2.00II 

Cerium 

140.424, 

dz  .017 

140.747 

Buehrig's  data  give  141.523. 
(0=i6.) 

Chlorine 

35.370, 

=fc  .014 

35.451 

Chromium 

52.009, 

±  .025 
±  .008 

52.129 

From  Siewert's  data. 

Cobalt 

58.887, 

59023    • 

Columbium 

93.812 

94.027 

From  one  ratio  only. 

Copper 

63.173. 

dz  .Oil 

63.3»8 

Didymium 

144.573. 

=b  .031 

144.906 

Cleve's  data   give    147.021. 
(SO,  =  80.) 

Erbium 

165.891 

166.273 

From  Qeve's  data  only. 

Fluorine . 

18.984, 

±  .0065 

19.027 

Gallium* 

Glucinum 

68.854 
9.085, 

±.0055 

68.963 
9.106 

Imperfectly  determined. 
Nilson  and  Pettersson's  data. 

Gold 

196.155, 
1. 0000 

±095 

196.606 
1.0023 

Hydrogen 

Indium 

"3.398, 

=b  .047 

113.659 

Iodine 

126.557, 

db  .022 

126.848 

Iridmm 

192.651, 

±033 

193.094 

Seubert's  data. 

Iron 

55.913, 
138.526, 

±  .012 

56.042 

db  .030 

138.844 

Lead 

206.471, 

rb  .021 

206.946 

Lithium 

7.0073 

±  .007 

7.0235 

Magnesium 

23.959, 

=b  .005 

24.014 

Marchand  and  Scheerer's  data. 

Manganese 

53906, 

dr  .012 

54.029 

Schneider  and  Rawack's  data. 

Mercury 

199.712, 

db  .042 

200.171 

Molybdenum  _. 

95.527, 

±.051 

95.747 
58.062 

Nickel 

57.928, 

dz  .022 

Schneider,  Sommaruga,  and 
Lee. 

Nitrogen 

14.0210 

±.0035 

14.029 

Osmium 

198.494 

198.951 

Very  doubtful. 

Oxygen 

15.9633 

±.0035 

16.000 

Palladium .- 

105.737 

105.981 

Badly  determined. 

Phosphorus 

30.958, 

d=  .007 

31.029 

Platinum 

194.415, 

±.049 

194.867 

Seubert's  data. 

Potassium 

39.019, 

zt  .012 

39.109 

Rhodium 

104.055 

104.285 

Badly  determined. 

Rubidium 

85.251, 

±  .018 

85.529 

Ruthenium 

104.217 

104.457 

Badly  determined. 

Scandiimi 

43.980, 

db.015 

44.081 

• 

Selenium 

78.797, 

dt  .Oil 

78.978 
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TABLE  OF  ATOMIC  WEIGHTS— Continued. 


Silicon 

Silver 

Sodium 

Strontium 

Sulphur 

Tantalum 

Tellurium 

Thallium 

Thorium 

Tin 

Titanium 

Tungsten 

Uranium 

Vanadium 

Ytterbium 

Yttrium 

Zinc 

Zirconium 


H. 

=  1. 

28.195, 

±.066 

107.675, 

±.0096 

22.998, 

=fc  .011 

87.374. 

rfc  .032 

31-984, 

=fc  .012 

182.144, 

db4i66 

127.960, 

±.034 

203.715. 

±  .0365 

233.414, 

±•073 

117.698, 

±  .040 

49-846, 

-+-  .064 

183.610, 

±.032 

238.482, 

±  .082 

51.256, 

±  .024 

172.761, 

±.038 

89.816. 

db.067 

64.9045, 

db  .019 

89.367. 

±•.037 

0  =  16. 


28.260 

107.923 

23.051 

87.575 

32.058 
182.562 
128.254 
204.183 

233.951 
117.968 
49.961 
184.032 
239.030 

51.373 
173.158 

90.023 

65.054 
89.573 


Remarks. 


Very  badly  determined. 


Imperfectly  determined. 
Crookes*  data. 


Imperfectly  determined. 


If  SOj  =  80,  Yb  =  173.016. 

Doubtful. 

Axel  Erdmann's  data. 

Doubtful. 


At  the  close  of  his  admirable  paper  on  the  atomic  weight 
of  aluminum  Mallet  makes  substantially  the  following  ar- 
gument in  favor  of  Front's  hypothesis.  Citing  the  atomic 
weights  of  eighteen  elements  which  he  considers  well  deter- 
mined, he  shows  that  ten  of  them  have  values  falling  within 
one-tenth  of  a  unit  of  whole  numbers.  Now,  what  is  the 
mathematical  probability  that  this  close  approximation  to 
conformity,  with  Front's  law,  in  ten  cases  out  of  eighteen,  is 
purely  accidental,  as  those  chemists  who  reject  the  hypoth- 
esis seem  to  hold  ?  Working  this  problem  out.  Mallet  finds 
the  probability  in  favor  of  mere  coincidence  to  be  in  the 
ratio  of  1  :  1097.8,  and  hence  he  concludes  that  Front's 
views  are  still  worthy* of  respectful  consideration. 

Applying  Mallet's  reasoning  to  the  table  of  atomic  weights 
now  before  us,  we  find  that  in  the  first  column,  when  H  =  1, 
twenty-five  elements  out  of  sixty-six  have  values  falUng 
within  the  limits  of  one-tenth  of  a  unit  variation  from  whole 
numbers.  But  many  of  the  figures  which  fall  without  this 
limit  involve  the  variation  of  oxygen  multiplied  miany  times 
over.  We  must  therefore  study  the  second  column,  which 
assumes  that  the  atomic  weight  of  oxygen  is  exactly  six- 
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teen.  Here  we  have  forty  elements  falling  within  the  limit 
of  variation  assigned  by  Mallet,  and  twenty-six  falling 
without.  The  variations  we  may  properly  study  in  some 
detail. 

Taking  first  the  elements  whose  atomic  weights  vary  from 
even  multiples  of  unity  by  less  than  a  tenth  of  a  unit,  we 
have  to  consider  the  following :  aluminum,  arsenic,  barium, 
bismuth,  boron,  bromine,  cadmium,  csesium,  calcium,  carbon, 
cobalt,  columbium,  didymium,  fluorine,  gallium,  hydrogen, 
iridium,  iron,  lead,  lithium,  magnesium,  manganese,  nickel 
nitrogen,  osmium,  oxygen,  palladium,  phosphorus,  scan- 
dium, selenium,  silver,  sodium,  sulphur,  thorium,  tin,  tita- 
nium, tungsten,  uranium,  yttrium,  and  zinc.  Of  these, 
aluminum,  arsenic,  barium,  bismuth,  cadmium,  calcium, 
carbon,  cobalt,  columbium,  fluorine,  hydrogen,  iridium,  iron, 
lithium,  magnesium,  manganese,  nickel,  nitrogen,  phos- 
phorus, scandium,  sodium,  sulphur,  tungsten,  uranium, 
yttrium,  and  zinc  have  plus  variations,  while  boron,  bro- 
mine, caesium,  didymium,  gallium,  lead,  osmium,  palla- 
dium, selenium,  silver,  thorium,  tin,  and  titanium  fell 
slightly  under  the  units  to  which  they  approximate.  Oxy- 
gen, as  the  standard  of  comparison,  of  course  shows  here 
no  variation,  its  possible  error  having  been  transferred  to 
hydrogen. 

Of  the  foregoing  elements  it  will  be  seen  that  twenty-six 
have  plus  variations  from  whole  numbers,  while  thirteen 
are  minus.  Among  the  latter,  boron,  gallium,  osmium,  pal- 
ladium, thorium,  and  titanium  have  been  but  roughly  deter- 
mined. Bromine,  by  Dumas'  correction,  has  its  variation 
diminished.  In  the  cases  of  lead,  caesium,  selenium,  and 
tin,  the  cause  of  variation,  supposing  one  to  exist,  remains 
to  be  determined.  The  value  for  osmium  is  undoubtedly 
several  units  too  high,  so  that  its  agreement  with  Front's 
law  may  be  considered  purely  accidental.  As  for  didym- 
ium, the  figure  assigned  is  the  mean  of  all  determinations ; 
whereas  Cleve's  data,  calculated  with  SO,  =  80,  make  Di  = 
147.021,  a  variation  which,  like  most  of  the  others,  is  far 
within  the  limits  of  ordinary  experimental  error.     In  the 
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case  of  silver  it  has  already  been  shown  that  Dumas'  cor- 
rection is  unfavorable  to  it  considered  in  its  bearings  upon 
Front's  law.  Silver  is  the  only  element  among  those  having 
minus  variations  which  could  carry  very  much  weight 
against  the  hypothesis. 

Among  the  elements  whose  variations  are  plus,  colum- 
bium,  uranium,  and  yttrium  have  been  poorly  determined. 
Yttrium  especially  may  be  considered  doubtful.  The  atomic 
weights  of  aluminum,  arsenic,  barium,  cadmium,  lithium, 
phosphorus,  and  sodium  involve  Dumas'  correction  to  a 
greater  or  less  extent,  and  will  be  lowered  by  its  application, 
that  is,  brought  nearer  to  whole  numbers.  For  aluminum, 
certain  other  causes  for  variation  were  pointed  out  in  the 
chapter  upon  that  metal;  and  it  may  be  noted  that  the 
direct  ratio  between  it  and  hydrogen  gives  Al  =  27.998^ 
dz  .007.  Here  the  variation  is  less  than  the  probable  error. 
For  calcium,  and  consequently  for  fluorine  also,  sources  of 
plus  error  were  indicated  in  the  discussion  of  their  respective 
atomic  weights,  and  reiteration  here  is  unnecessary.  Cobalt, 
iridium,  iron,  nickel,  and  tungsten  all  involve  such  errors 
as  may  arise  from  the  possible  occlusion  of  hydrogen  by  the 
metals  after  reduction  from  their  compounds.  For  scan- 
dium, the  atomic  weight,  calculated  with  SOj  =  80,  becomes 
44.032,  a  variation  much  within  the  limits  of  experimental 
error.  For  carbon  and  bismuth  the  variations  are  insignifi- 
cant. In  short,  in  the  majority  of  instances  the  errors  may 
be  diminished  by  corrections  which  are  in  all  probabiUty 
needed,  and  which  can  be  easily  pointed  out.  The  more 
carefully  we  scrutinize  the  data  the  more  probable  Front's 
hypothesis  appears. 

Among  the  twenty-six  elements  whose  atomic  weights  are 
removed  by  more  than  a  tenth  of  a  unit  from  whole  num- 
bers, chlorine,  rubidium,  and  strontium  have  values  nearly 
half  multiples  of  that  of  hydrogen,  and  in  each  case  Dumas' 
correction  will  make  the  approximation  still  closer.  Erbium, 
gold,  indium,  lanthanum,  rhodium,  ruthenium,  silicon,  and 
zirconium  may  be  dismissed  from  consideration  as  too  im- 
perfectly determined  to  carry  much  weight  in  the  present 
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discussion.  For  chromium,  copper,  molybdenum,  and  vana- 
dium I  have  no  criticisms  to  oflFer ;  but  the  remaining  ele- 
ments may  be  considered  individually. 

The  value  assigned  to  antimony,  120.231,  is  the  general 
mean  <jf  Cooke's  and  Schneider's  work  upon  the  bromide, 
iodide,  and  sulphide.  If  Ag  =  108,  Br  =  80,  and  I  =  127, 
Cooke's  data  for  the  bromide  and  iodide  give  the  following 
values  for  Sb,  all  of  which  fall  within  a  tenth  of  a  unit  of 
the  whole  number  120 : 

Early  bromide  series Sb  =  1 19.901 

Late  "  "   =120.009 

Iodide  series "   =  119-973 

In  the  case  of  cerium,  the  value  assigned  in  the  table  is 
the  general  mean  of  all  reputable  determinations.  But  it  is 
subject  to  doubt  on  account  of  the  facts  observed  by  Wolf 
and  by  Wing,  whose  ceroso-ceric  oxide  was  white,  while 
that  of  all  other  observers  was  yellowish.  Wolf's  and 
Wing's  data,  calculated  with  0  =  16,  give  Ce  =  138.039. 
Cerium,  then,  is  not  an  established  exception  to  Front's  law. 

Glucinum  and  ytterbium  have  their  atomic  weights  cal- 
culated from  analyses  of  the  sulphates.  But  if  Front's  law 
is  true,  SOj  =  80.  Calculated  with  this  figure,  we  have 
Gl  =  9.096  and  Yb  =  173.016.  Both  elements  thus  fall 
within  reasonable  limits  of  variation  from  the  hypothetical 
values. 

Iodine  is  one  of  the  most  important  seeming  exceptions. 
If  we  assume  Ag  =  108,  and  calculate  the  atomic  weight  of 
iodine  only  from  the  direct  ratio  between  iodine  and  silver, 
we  have,  with  Dumas'  correction  applied,  I  =  126.966; 
that  is,  it  comes  within  one-tenth  of  a  unit  of  the  whole 
number  127. 

The  atomic  weight  of  mercury  depends  upon  analyses  of 
the  chloride,  oxide,  and  sulphide.  Of  these  three  com- 
pounds the  purity  of  the  chloride  is  most  easily  assured. 
Calculated  from  its  composition,  with  CI  =  35.5,  Hg  = 
199.971.  With  so  high  an  atomic  weight  small  errors  are 
easily  multiplied. 
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For  the  atomic  weight  of  platinum  Senbert's  data  give 
five  values,  ranging  both  above  and  below  the  round  number 
195.  Calculated  with  integer  values  for  the  other  elements, 
three  of  these  figures  fall  very  close  to  195,  as  follows : 

From  per  cent.  Pt  in  (NHJjPtCl^ Pt  =  194.906 

K,PtCle «  =  194.933 

From  chlorine  estimation  in  KjPtClj—  "  =  194.955 

Potassium  is  the  most  serious  exception  of  all.  But  if 
0  =  16  and  Dumas'  correction  be  applied,  the  general  mean 
from  all  the  available  data  becomes  K  =  39.083.  That  is, 
potassium  falls  within  the  limit  of  0.1  variation. 

The  atomic  weight  assigned  to  tantalum  is  the  mean  of 
four  values.  Two  of  these,  recalculated  with  integers,  come 
out  as  follows : 

From  per  cent.  K,SO^  in  K,TaF, Ta  =  181.912 

"  TajOj  from  (NHJ^TaF^ "   =  182.020 

For  tellurium  I  need  only  call  attention  to  the  discrepan- 
cies between  the  several  sets  of  determinations  made  by 
Wills.  A  reference  to  the  chapter  on  tellurium  will  show 
that  his  figures  give  results  ranging  from  Te  =  126.07  to 
Te  =  129.34.  The  mean  value  is  therefore  too  much  sub- 
ject to  doubt  to  carry  weight  as  an  exception. 

As  for  thallium,  the  last  case  to  be  considered,  I  have 
already  shown  that  Crookes'  data,  recalculated  with  integer 
values  for  N  and  O,  give  Tl  =  204.008.  That  is,  instead  of 
an  exception,  we  have  here  an  admirable  instance  in  sup- 
port of  Front's  hypothesis. 

Enough  has  been  said  in  this  brief  resum6  to  show  that 
none  of  the  seeming  exceptions  to  Front's  law  are  inexpli- 
cable. Some  of  them,  indeed,  carefully  investigated,  sup- 
port it  strongly.  In  short,  admitting  half  multiples  as 
legitimate,  it  is  more  probable  that  the  few  apparent  excep- 
tions are  due  to  undetected  constant  errors,  than  that  the 
great  number  of  close  agreements  should  be  merely  acci- 
dental.   I  began  this  recalculation  of  the  atomic  weights 
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with  a  strong  prejudice  against  Prout's  hypothesis,  but  the 
facts  as  they  came  before  me  have  forced  me  to  give  it  a 
very  respectful  consideration.  All  chemists  must  at  least 
admit  that  the  strife  over  it  is  not  yet  ended,  and  that  its 
opponents  cannot  thus  far  claim  a  perfect  victory. 
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7.50 

243 

List  of  Foreign  Correspondeati  of 
Smithsonian  Institution, 

M.C.X, 

6S 

1872 

244 

Annual    Report  of    Smithsonian 
Institution  for  1870, 

&VO. 

494 

1871 

245 

Check  List  of  Smithsonian  Publi- 
cations to  July,  1872, 

M.C.X, 

21 

1872 

246 

Smithsonian   Contributions  to 
Knowledge, 

S.  C.  XTIU, 

646 

1872 

247 

OiU,Theod. 

List  of  Families  of  FUfaes, 

M.  C.  XI, 

06 

1872 

248 

Hilrard,E.W. 

Geology  of  Lower  Louisiana, 

S.C.  XXIII, 

38 

1872 

240 

Annual    Report   of  Smithsonian 
Institution  for  1871, 

8vo. 

473 

1873 

250 

Smithsonian    Misoellaneons   CoU 
lections. 

M.C.Z, 

91S 

1873 

251 

Ran,  Charles 

Memoir  of  Von  Martins, 

R.18e9, 

12 

1871 

252 

Carpenter,  P.  P. 

American  Mollusca, 

M.C.X, 

446 

1S72 

253 

Tryon,  O.W. 

Men.  of  StrepomattdsD.  Land  and 
Fresh  Water  Shells.    Part  IV, 

M.C.  XVI, 

490 

1873 

254 

Do  Sanssnre,  H. 

Monograph  of  Hymenoptora, 

M.C.X./, 

430 

1875 

2.00 

255 

Clarke,  P.  W. 

Speciac  Grarity  Tables.    Part  I, 

M.O.xii, 

272 

1873 

256 

Loew,  H. 

Monograph  Diptera.     Pari  III, 

M.C.  XI, 

381 

1873 

2.00 

257 

Baird,  8.  F. 

Systematic  List  of  For.  Curresp. 

M.C.X, 

30 

1872 

258 

WaUon,  8. 

BoUnical  Index, 

M.  C.  XV, 

484 

1878 

2.00 

259 

Jenes,  Jos. 

Antiqnities  of  Tennessee, 

S.  C.  XXII, 

181 

1876 

3.00 

210 

Ragnlations  of  Smith.  last'n, 

• 

42 

1872 
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261 

Packard,  A.  8. 

Directionn  for  Collecting  and  Pre- 
serving Insects, 

M.  C.  XI, 

60  1873 

•  1 

free 

262  Newoomb,  8. 

Orbit  of  Uranus, 

S.  C.  XIX, 

296|1873 

3.00 

263 

Astronomical  Telegram  Circalar,  M.  C.  xii, 

4  1873 

1 

264   LeConte,  J.L. 

New  Species  Coleoptera.    Part  II,  M.  C.  xi, 

74 

1873 

265   LeCoxLte,  J.  L. 

Classification  Coleoptera.  Part  II, 

M.  C.  XI, 

721873 

266 

Woodward,  J.  J. 

Toner  Lecture  I.     Cancerous  Tu- 
mors, 

M.  C.  XT, 

44|1873 

.25 

267 

8waii,  J.  0. 

Huidah  Indians, 

S.  C.  XXI, 

22  1874    1.00 

1        ! 

268 

Coffin,  J.  H. 

Winds  of  the  Globe, 

S.  C.  XX, 

781 

1875] 

269 
271 

Habel,  Simeon, 

Often  Saoken, 
C.  B. 

Sculptures  of  San  tn  Lncia  Cosumal- 
wbuapa  iu  Guuicmulu. 

Catalogue  of  Diptera  of  North  Am  , 
Annual    Report  of   Smithsonian 
Institution  for  1872, 

S.  C.  XXII, 
M.  C.  XTi, 
8vo. 

94 
324 
456 

1878 
1878 
1873 

2.00 

272 

Smithsonian  Contributions, 

S.  C.  XIX, 

660  1874 

273 

Miseallaneous  Collections, 

M.  C.  XI, 

796  1874 

274 

Miscellaneous  Collections, 

M.  C.  XII, 

767  1874 

27» 

■ 

Annual   Report  of  Smithsonian 
Institution  for  1873, 

8vo. 

462  1874 

276 

Clarke,  F.  W. 

Specific  Heat  Tables.     Part  II, 

M.  0.  xiT, 

68  1876 

.60 

277 

Sohott,  C.  A. 

Temperature  Tables, 

S.  C.  XXI, 

360 

1876 

3.00 

278 

Check  List  of  Smithsonian  Publi- 
cations, 

M.  C. 

24 

1874 

279 

DaCosta,  J.  M. 

Toner  Lecture  III.     The  Heart, 

M.  C.  XV, 

32  1874 

.25 

280   Alexander,  S. 

Hnrmonies  of  Solar  System, 

S.  C.  XXI, 

104 

1876 

1.00 

281   Kewoomb,  8. 

Planetary  Motion, 

8.  C.  XXI, 

40 

1874 

282   Wood,  H.C. 

Toner  Lecture  IV.     Study  of 
Fever, 

M.  0.  XV, 

60 

1876 

.25 

283 

em,  Theod. 

Catalogue  of  Fishes, 

M.  C.  XIV, 

66  1876 

.25 

284 

Siuithsonian  Contributions, 

S.  C.  XX, 

794*  1870 

1 

286 

Smithsonian  Contributions, 

S.  C.  XXI, 

1 
643  1876 

286 

Annufll  Report  of   Smithsoni.-m 
Institution  for  1874, 

8vo. 

416  1876 

267 

Ban,  Charles, 

Arcbseologioal    Collection,    Nat. 
Museum, 

S.  C.  iiii, 

118 

1876 

2.00 
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288 

Clarke,  F.  W. 

Specific  Qrarity  Tables.    Supp.  I, 

M.  C.  XIV, 

«2  1876      .50 

280   Clarke.  F.  W. 

Tabled,  Expan.  by  Heat,    Pt,  III. 

M.  C.  XIV, 

58  1876      .50 

] 

2'.)0 

List  of  Smithsonian  Pablications, 

8vo.  XIII, 

12  1876 

2i)l    Brown-Sfiqnard, 

Toner  Lectnre  II.     The  Brain, 

M.C.xv, 

25  1877      .25 

1 

292    Cope,  E.  D. 

Batrachia.       Bulletin     National 
Maseum,  No.  1, 

M.  C.  XIII, 

1 

1 

106  1875 

2r.J   Kidder.  J.  L., 
Coues.  £. 

Birds  Kergnelen  Island.     Bulle- 
tin Ntttiomil  Museum,  No.  2, 

M.  C.  XIII, 

61  1875 

294 

Kidder,  J.  L., 
and  otherB, 

Nnt.     Hist.     Kerjrnelen    Island. 
Bulletin  Nat.  Museum,  Nu.  3, 

M.  C.  XIII, 

122  1876 

295 

Lawrence.  0.  N. 

Birds  of  Mexico.     Bullelip  Nat. 
Museum,  No.  4, 

M.  C.  XIII, 

56  1875 

296 

Ooode,  G.  B. 

Fishes  of  Bermuda.     Bull.  Nat. 
Museum,  No.  5, 

M.  C.  XIII, 

82' 1876 

297 

Ooode.  0.  B. 

Classification  of  Animal   Re- 
Bouroe.o,  etc.    Bulletin  Nut. 
Museum,  No.  6, 

M.  C.  XIII, 

189  T876 

293 

Annual   Report  of   Smithsonian 
Institution  fur  1875, 

422  1876 

1         1 

299 

Annunl   Report  of  Smithsonian 
Institution  for  1876, 

8vo. 

488 

1 

1877' 

800 

Keen,  W.  W. 

Toner    Lecture    Y.      Continued 
Fevers, 

M.  C.  XV, 

72 

1877,     .25 

301 

Check  List  of  Smithsonian  Publi- 
cations to  July,  1877, 

M.  C.  XIV, 

!      1 

72  1877' 

802 

Adams,  Wnu 

Toner  Lecture  VI.   Sabeutaneoai 
Surgery, 

M.  C.  XV. 

i 
20  I877J     .25 

303 

Streets.  Thos.  H. 

^^ntural  History  of  Hawaiian  and 
Fanning    Islands    and    Lower 
Ciililornia.     Bulletin    National 
Museum,  No.  7, 

M.  C.  XIII, 

172 

1S77 

304 

Dall.Wm.  H. 

Index  to  names  applied  to  Bra- 
ohiopoda.    Bulletin  Nat.  Mus., 

No.  8, 

M.  C.  XIII, 

88 

1877 

305 

Jordan,  David  8. 

Xorth  Amer.  Ichthyology,  No.  1. 
lleview  of  Rafinesquo'n  N.  Am. 
Fishes.    Bulletin  uf  Nat.  Mus., 
No.  9, 

M.  C.  xm, 

58 

1877 

806 

Jordan.  David  8. 

North  Amer.  Ichthyology,  No.  2 
Notes  on   Cottidae.  Ac.    Bull. 
Nat.  Mus.,  No.  10. 

M.  C.  xin, 

120 

1877 

sor 

Baird.  8,  F. 

Report  on  Centennial  Exhibition 

of  me, 

R.  iBra, 

22 

1877 

1 
J 
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Jordan,  D.  8^  and 
Bray^on,  A.W. 

North  Amer.  lebthyology.  No.  3 
Di«tribation  of  Fishes  of  S.  C. 
6  a.,  and  Tenn.    Balletin  Nat 
Musonin,  No.  12, 

M.  C. 

237  1878 

809 

List  of  Foreign  Correspondents  of 
the  Smithsonian  Insticuiion  tu 
Jan.  1878, 

M.  C.  XV, 

120  1878 

1 

810 

Barnard,  J.  0. 

S.  C.  xziii, 

19  1877 

.25 

311 

Holden,  Sdw.  6. 

Index  Catalogne  of  Books  Relat- 
ing  to  Nebulas, 

M.  C.  XIV, 

12B 

1877 

.50 

312 

Smithsonian   Miscellaneons  Coll. 
(BuU.  N.M.,  1-10.) 

M.  C.  XIII, 

982 

1878 

313 

Eggan,  Baron, 

Flora  of  St.  Croix  and  Yirjrin  Is- 
lands.  Bull.  NaL  Mus.,  No.  U, 

M.  C. 

I8n 

1879 

314 

lections. 

M.  C.  XIV, 

911 

1878 

315 

Smithsonian    Miseellaneoos   Col- 
lections. 

M.  C.  XV, 

880 

1878 

310 

Circular  in  Reforenee  to  American 
ArcLeeulogy, 

M.  C.  XT, 

151878 

1 

free 

817   EUiot,D.O. 

i 

Classiflcntion    and     Synopsis    of 
Trochilidn, 

S.  C.  xxiii, 

289 

1879 

3.00 

818 

DaU,Wm.H. 

Remains  of  Mnn  from  Cares  in 
Aleutian  Islands. 

S.  C.  XXII, 

44 

1878 

2.00 

819 

Baird,  6.  F. 

Circular.     Inquiries   Relntive    to 
Crawfish  and  Crustacea, 

.M.  C.  XV, 

8 

1878 

free 

820 

Baird,  8.  F. 

Circular  Kelatingto  Collections  of 
Living  Reptiles, 

M.  C.  XV, 

2 

1878 

free 

E.O. 

Toner  Lecture,  VII.      Inflamm'a 
tion  in  Arteriei  atter  Ligature, 
etc. 

M.C.xvi, 

74 

1879 

.25 

322 

Smithsonian  Miscellaneons   Col 
lections. 

M.  C.  XVI, 

950 

1880 

323 

Annnal  Report  of  the  Smithsonian 
Institution  for  1877, 

Svo. 

500 

1878 

324 

Circular  relative  to  Scientific  and 
Literary  Exchanges, 

M.  C.  »ri, 

2 

1879 

free 

825 

1 

Circular.   Bnslness  Arrangements 
of  the  Smithsonian  Institution, 

M.  C.  XVI, 

7 

1879 

free 

1 

Oooda,  G.Brown, 

Catalogue  of  Collection  of  Animal 
Resources  and  Fisheries  of  U.  S. 
BuUetin  Nat.  Mnseam,  No.  14, 

M.  C. 

sfi: 

1879 
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327  BxaithsoxL,  Jamei,  Soi«ntifio  writings  of, 


328  Bhees,  Wm.  J. 

329  Khees,  Wm.  J. 

330  Bheet,  Wm.  J. 

331  Baa,  Charles, 

332 

I 

333 

I 

334  EUiot,  D.O. 

335  Bhees,  Wm.  J. 

336 

I 

337  ' 

i 

338  Welling,  J.  C. 


I 


8lZB  S         M  " 

OR  I  5  ».  O 

Sbribs.  ■'  pJ      q  £ 

M.  C.  XXI,  1M1879  .75 


Smitheonian  Institution.  Docu- 
ments Belative  to  its  Origin' 
and  History,  M.  C.  xni,  1027  1879   2.50 

Smithsonian  Institntion.    Joar-  |        I 

nals  of  Board  of  Regents  and 
Reports  of  CommittoM,  M.C.xtiii,    8511879   2  00 


Smithson  and  hif  Bequest, 
The  Palenque  Tablet, 


|M.  C.  XXI,      76  1879      .75 
IS.  C.  XXII,       90  1879    2.00 


Proceedings  of  the  Nat.  Maseum                     !  I 

for  1878.    Vol.  I,                      iM.  C.  xix,  524  1879    1.00 

Proceedings  of  the  Nat.  Museum'  I 

for  1879.     Vol.  II,                     M.  C.  xix.  504  1880    1.00 

List  ofDesoribed  Species  of  Hum- 1  I 

ming-Birds,                                ,M.  C.  xyi,  '  22  1879     .25 

List  of  Principal  American  Libra-  I 

ries,  Museums,  Societies,  etc.,  M.  C.  xyi,  6  1879  free 

I        f 


Smithsonian  Miscellaneous  Col- 
lections, M  C.  xYii,  1034  18801 

Smithsonian  Miscellaneous  Col-  I  | 

lections,  iM.C.xyiii,    851  1880 

I  :       '       I 

Life  nnd   Character  of  Joseph  '         ! 

Henry,  |M.  G.  xxi.       30  1880 

339   Taylor,  Wm.  B.   I  The   Scientific  Work  of  Joseph  I 

,  Henry,  ,M.  C.  xxi.     225  1880 


340 

I 
^41 

I 

342  Knmlien,  L, 

343  Henry,  Joseph, 

I 
344 

I 
345 

346 

347 


Smithsonian     Contributions    to 
Knowledge, 

Annual  Report  of  Smithsonian 
Institution  for  1878, 


I         •         '• 
S.  C.  XXII,    544  1880, 


8vo. 


Contributions  to  Natural  Historyj 
of  AiDtic  America.  Bulletin  of 
the  National  Museum,  No.  15,  M.  C. 

Annual  Reports  of  See.  of  S.  I., 
1865-77,  fR. 


575  1879 


I 
179*  1879 


Cheek  List  of  Smithsonian  Pub- 
lications, 


I 


548  1880  free 


M.  C.xvi,       16  1879  free 


Annual  Report  of  Smithsonian, 
Institution  for  1879,  ;8yo. 


Smithsonian    Contribntions    to; 
Knowledge, 

Cloud  Charts, 


I 
631 1880 

I 


S.C.xxui,    766  1881 


2  1851  free 
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Baird,  8.  F. 

Pishes  of  New  Jersey  Coast, 

R. 1854, 

40  1855 

34» 

Waring,  0.  E. 

Toner  Lecture  VIII.    Sanitary 
Drainage  of  Washington. 

M.C. 

26  1880     .25 

1         j 

350 

Map  of  Stars.    (For  Aurora  obs.) 

« 

1  1856  free 

351 

Cooper,  J.  0. 

Forests  of  North  America, 

R.  1858, 

1 
36  18.'>0 

1 

352 

Whitney,  W.  D. 

Lectures  on  Linguistics, 

R.  1863, 

22  1864  free 

1 

353 

Sohott,  C.  A. 

Tables  of  Rain  Fall,  (2d  edition). 

S.  C. 

269  1881    3.00 

1         . 

354 

Belannay,  M. 

Essay  on  Velocity  of  Light, 

R.  1864, 

31  1864  Aree 

j         1 

355 

Wetherill,C.K. 

Osone  and  Antosone, 

R.  1864, 

12  1864' 

1 

35« 

Memorial  of  Joseph  Henry, 

M.  C.  XXI. 

532  1880  free 

1         1 

357 

Wood,  H.  C. 

Researches  on  Fever, 

6.  C.  XXIII, 

263,1878    2.50 

358 

Beeker,  G.  J. 

Atomic  Weights.    Constants  of 
Nature.    Part  IV, 

M.C, 

152  1880    1.00 

359 

Planisphere  of  the  Heavens, 

« 

1  1864  f^ee 

360   Besor,E. 

Palaflttes,   or   Laeustriaa   Con- 
structions, 

R.  1865, 

i    , 

53  1865| 

1 

361   Baegert^J. 

1 

Aborigines  of  California, 

R.  1863-4, 

41  I865' 

1 

362  Ban,  Charles, 

ArtificiarSheli  Deposits  in  New 
Jersey, 

R.  1864, 

6  1865 

363 

Lewis,  James, 

Inetruetione  for  collecting  Land 
and  Fresh  Water  Sbells, 

R.  1866, 

i 

8  1860  free 

1 

364 

Liiyeborg,  W. 

Classification  of  Birds, 

R.  1865, 

16  1866'  free 

1         1 

365   Bom,    Hardisty, 
Jonei ,  Oibbs, 

Tinneh  or  Chepewyan  Indians, 

R.  1866, 

1 
25  1866 1 

366   Edwardf,  A.M. 

Directions  for  collecting  Diato- 
macea. 

« 

7  1867  free 

367  Botlirook,  J.  T. 

Flora  of  Alaska, 

R.  1867. 

33  1867  f^ee 

368  Ban,  Charlef , 

Indian  Pottery, 

R.  1866, 

lil867, 

1 

360   Abbe.C. 

Dorpat  and  Poulkova, 

R.  1867, 

23  1867' 

370  Ban,  Cbarlei, 

Flint  Implements  In  Illinois, 

R.  1868, 

91868 

1 

371   Newton,  H.  A. 

Metric  Tables, 

R.  1865, 

23  1868  free 

372  Ban,  Charles, 

Dniling  in  Stone  without  MeUl, 

R.  1868, 

11  1869^ 

373 

Meteorological  Stations  and  Ob- 
servers, 

R.  1868, 

421869  free 

374 

1 

Sehott,  C.  A. 

Rain  Charts  for  Summer,  Win- 
ter, and  Year, 

B.C.  xvfii. 

1 
3  1870  free 
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376 

Taylor,  W.  B. 

Origin  and  Natnre  of  Forc«,         R.  1870, 

19  1870  free 

37«   Hunt,  T.  Bterry 

Chemistry  of  the  Earth,                R.  1869, 

26  1871  free 

377 

Babinet,  M. 

Diamond  and  Precioas  Stones,     R.  1870, 

38  1872  fwe 

378 

Boelirig,F.L.O. 

Dakota  Language, 

R.  1871, 

19  1872  free 

379 

Henry,  Joieph, 

Eulogy  on  Alez.  D.  Baohe, 

R.  1870, 

28  1872  free 

380 

PMkbody,  A.  P. 

Scientiac  Education  of  Mechan- 
ics, 

R.  1872, 

1 
131873  fiee 

381 

SohoU,  C.  A. 

Temperature  Chart  of  U.  8.  for 
Year,  etc., 

♦ 

I  1873  free 

382 

Ban,  CliarleB, 

North  American   Stone   Imple 
ments. 

R.  1872, 

i     , 

16  1873 

383 

Bransford,  J.  F. 

Archsenlogionl     Researches     in 
Nicaragua, 

8.C. 

t 
1 
100  1881    2.51 

384 

Baird,  8.  F. 

Circular  for  Shipping  Fresh  Fish,  |M.  C. 

4  1881  free 

385 

Ban,  Cbarlei, 

Ancient    Aboriginal    Trade    in 
North  America.                           R.  1872, 

49  1873 

i          1 

386 

Breiina,  A. 

Crystallography, 

R.  1872, 

36  1874  free 

1 

387 

Sohott,  C.  A. 

Temperature   Charts,   Summer 
Winter,  Year, 

S.  C.  XXI, 

1 
3  1874  free 

388 

Sebott,  C.  A. 

Temperature  Chart— Year, 

« 

1  1874  free 

389 

Henry,  Joseph, 

Investigation  of  niuminante, 

R.  2880, 

25  1881   free 

390 

Kilgard,  J.  E. 

Tides  and  Tidal  Action  in  Hnr- 
bors. 

R.  1874, 

22  1875  free 

391 

Act  to    Establish    Smithsonian 
Institution, 

M.C.xviii, 

1 
10  1675  free 

392 

Bomer,  F.  F. 

Preliistorio  AnUquities  of  Hun- 
g»ry. 

R.  1876, 

9  1877 

393 

Gillman,  Henry, 

Mound-builders.     Ancient  Man 
in  Michigan, 

R.  1876, 

1 
IS  1877  fwe 

&94 

Abbott,  C.  C. 

Stone-age  in  New  Jersey,             R.  1875, 

136  1877  free 

395 

Taylor,  Wm.  B. 

Kinetic  Theories  of  Gravitation, 

R.  1876, 

80  1877  free 

396 

McParlin,  T.  A. 

Hftitory  and    Climate   of  New 
Mexico, 

R.  1877, 
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PREFACE. 


The  present  catalogue  embraces  all  the  articles  published  by  the  Smith- 
sonian Institution  from  its  organization  in  1846  to  the  first  of  July,  1882,  a 
period  of  thirty-six  years. 

At  the  beginning  nothing  was  issued  but  pamphlets  explanatory  of  the 
plan  of  the  Institution  and  brief  annual  reports  of  the  proceedings  of  the 
Board  of  Regents,  indicated  in  the  catalogue  by  the  letters  A,  B,  C,  D,  E,  F, 
G,  H,  I,  J,  K,  L,  M,  N,  O,  Q.  An  elaborate  work,  (P  in  the  catalogue),  by 
Robert  Dale  Owen,  on  public  architecture,  with  special  reference  to  the 
plans  of  the  Smithsonian  Institution,  prepared  on  behalf  of  the  Building 
Committee,  was  printed  at  the  expense  of  the  Institution  in  1849,  but  did 
not  form  part  of  the  regular  series  organized  by  the  Secretary  of  the  Institu- 
tion, Prof  Henry. 

1.  Smithsonian  Contributions  to  Knowledge. 

The  series  entitled  "  Smithsonian  Contributions  to  Knowledge,"  in  quarto 
form,  was  commenced  in  1848  by  the  publication  of  Squier  and  Davis' 
Ancient  Monuments  of  the  Mississippi  Valley.  The  following  "Advertise- 
ment" of  the  first  volume,  prepared  by  Prof.  Henr}%  has  been  inserted  in 
every  succeeding  volume  to  indicate  the  character  and  design  of  the  series : 

"  This  volume  is  intended  to  form  the  first  of  a  series  of  volumes,  consist- 
ing of  original  memoirs  on  different  branches  of  knowledge  published  at  the 
expense  and  under  the  direction  of  the  Smithsonian  Institution.  The  publi- 
cation of  this  series  forms  part  of  a  general  plan  adopted  for  carrying  into 
effect  the  benevolent  intentions  of  James  Sraithsou,  Esq.,  of  England.  This 
gentleman  left  his  property  in  trust  to  the  United  States  of  America  to  found 
at  Washington  an  institution  which  should  bear  his  own  name,  and  have  for 
its  objects  *  the  increase  and  diffusion  of  knowledge  among  men.*  This  trust 
was  accepted  by  the  Government  of  the  United  States,  and  an  act  of  Con- 
gress was  passed  August  10,  1846,  constituting  the  President  and  the  other 
principal  executive  ofiicers  of  the  General  Government,  the  Chief  Justice  of 
the  Supreme  Court,  the  Mayor  of  Washington,  and  such  other  persons  as 
they  might  elect  honorary  members,  an  establishment  under  the  name  of  the 
*  Smithsonian  Institution,  for  the  increase  and  diffusion  of  knowledge  among 
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men/  The  mepibers  and  honorary  members  of  this  establishment  are  to  hold 
stated  and  special  meetings  for  the  supervision  of  the  affairs  of  the  Institution 
and  for  the  advice  and  instruction  of  a  Board  of  Events,  to  whom  the  finan- 
cial and  other  affairs  are  entrusted. 

"  The  Board  of  Regents  consists  of  three  members  ex-officio  of  the  estab- 
lishment, namely,  the  Vice-President  of  the  United  States,  the  Chief  Justice 
of  the  Supreme  Court,  and  the  Mayor  of  Washington,  together  with  twelve 
other  members,  three  of  whom  are  appointed  by  the  Senate  from  its  own 
.  body,  three  by  the  House  of  Representatives  from  its  members,  and  six  citi- 
zens appointed  by  a  joint  resolution  of  both  houses.  To  this  Board  is  ^ven 
the  power  of  electing  a  Secretary  and  other  officers,  for  conducting  the  active 
operations  of  the  Institution. 

"  To  carry  into  effect  the  purposes  of  the  testator,  the  plan  of  or^anizadon 
should  evidently  embrace  two  objects,  one,  the  increase  of  knowledge  by  the 
addition  of  new  truths  to  the  existing  stock ;  the  other,  the  diffiision  of  knowl- 
edge thus  increased  among  men.  No  restriction  is  made  in  favor  of  any  kind 
of  knowledge,  and  hence  each  branch  is  entitled  to  and  should  receive  a  share 
of  attention. 

"  The  act  of  Congress,  establishing  the  Institution,  directs,  as  part  of  the 
plan  of  organization,  the  formation  of  a  Library,  a  Museum,  and  a  Gallery 
of  Art,  together  with  provisions  for  physical  research  and  popular  lectures, 
while  it  leaves  to  the  Regents  the  power  of  adopting  such  other  parts  of  an 
organization  as  they  may  deem  best  suited  to  promote  the  objects  of  the 
bequest. 

"After  much  deliberation,  the  Regents  resolved  to  divide  the  annual  income, 
thirty  thousand  nine  hundred  and  fifty  dollars,  into  two  equal  parts,  one  part 
to  be  devoted  to  the  increase  and  diffusion  of  knowledge  by  means  of  origmal 
research  and  publications,  the  other  half  of  the  income  to  be  applied  in 
accordance  with  the  requirements  of  the  act  of  Congress  to  the  gradual 
formation  of  a  Library,  a  Museum,  and  a  Grallery  of  Art." 

(The  Programme  of  Organization,  adopted  December  8,  1847,  follows.) 

"  In  accordance  mth  the  rules  adopted  in  the  Programme  of  O^anization, 
each  memoir  in  this  volume  has  beeil  fevorably  reported  on  by  a  (5)mmis8ion 
appointed  for  its  examination.  It  is  however,  impossible,  in  most  cases,  to 
verify  the  statements  of  an  author ;  and,  therefore,  neither  the  Commission 
nor  the  Institution  can  be  responsible  for  more  than  the  general  character  of 
a  memoir." 

The  total  number  of  papers  published  in  the  23  volumes  of  "  Contribu- 
tions "  is  119,  with  an  aggregate  of  12,456  pages,  1,567  wood  cuts,  523  plates, 
and  16  maps,  each  volume  averaging  541  i  pages. 


2.  Miscellaneous  Collections. 

In  the  year  1862,  another  series  was  instituted,  entitled  ''Smithsonian 
Miscellaneous  Collections"  each  volume  of  which  has  the  following  pre&ce: 

"The  present  series,  entitled  "Smithsonian  Miscellaneous  Collections,"  is 
intended  to  embrace  all  the  publications  issued  directly  by  the  Smithsonian 
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Iiistitution  in  octavo  form;  those  in  quarto  constituting  the  ''Smithsonian 
Contributions  to  Knowledge.**  The  quarto  series  includes  memoirs,  embrac- 
ing the  records  of  extended  original  investigations  and  researches,  resulting 
in  what  are  be^eved  to  be  new  truths,  and  constituting  positive  additions  to 
the  sum  of  human  knowledge.  The  octavo  series  is  designed  to  contain 
reports  on  the  present  state  of  our  knowledge  of  particmar  branches  of 
science;  instructions  for  collecting  and  digesting  facts  and  materials  for 
research ;  lists  and  synopses  of  species  of  the  organic  and  inorganic  world ; 
museum  catalogues ;  reports  of  explorations ;  ai(£  to  bibliographical  investi- 
gations, etc. ;  generally  prepared  at  the  express  request  of  the  Institution  and 
at  its  expense. 

"  The  position  of  a  work  in  one  or  the  other  of  the  two  series  will  some- 
times depend  upon  whether  the  required  illustrations  can  be  presented  more 
conveniently  in  the  quarto  or  the  octavo  form. 

"  In  the  Smithsonian  Contributions  to  Knowledge,  as  well  as  in  the  present 
series,  each  article  is  separately  paged  and  indexed,  and  the  actual  date  of  its 
publication  is  that  given  on  its  special  title  page,  and  not  that  of  the  volume 
in  which  it  is  placed.  In  many  cases  works  have  been  published  and  largely 
distributed  years  before  their  combination  into  volumes. 

"  While  due  care  is  taken  on  the  part  of  the  Smithsonian  Institution  to 
insure  a  proper  standard  of  excellence  in  its  publications,  it  will  be  readily 
understood  Uiat  it  cannot  hold  itself  responsible  for  the  fkcts  and  conclusions 
of  the  authors,  as  it  is  impossible  in  most  cases  to  verify  their  statements." 

The  total  number  of  papers  published  in  the  23  volumes  of  "Miscellaneous 
Collections"  is  122,  each  volume  averaging  882}  pages,  with  an  aggregate  of 
20,299  pages,  2,868  wood  cuts,  and  43  plates. 


3.  Annual  Bepobts. 

By  the  act  of  Congress  organizing  the  Institution  it  was  made  the  duty  of 
the  "  Board  of  Kegents  to  submit  at  each  session  a  report  of  the  operations, 
expenditures,  and  condition  of  the  Institution."  These  Annual  Reports 
form  a  third  series  of  Smithsonian  publications.  They  consist  of  the  reports 
of  the  Secretary  to  the  Board  of  Regents  of  the  operations  and  condition  of 
the  Institution ;  the  reports  of  committees  of  the  Board ;  reports  of  lectures ; 
extracts  from  correspondence ;  original  or  translated  articles  relating  to  the 
history  and  progress  of  science,  etc. 

The  first  report  was  submitted  by  the  Board  to  the  second  session  of  the 
29th  Congress,  1847,  and  formed  an  octavo  pamphlet  of  38  pages.  A  similar 
report  was  presented  annually  thereafter,  varying  in  size  from  64  pages  to 
326,  printed  in  pamphlet  form  with  paper  covers  up  to  1853,  when  Congress 
ordered  the  report  to  be  bound  in  cloth.  In  the  volume  for  that  year  the 
^igaential  portion  of  the  contents  of  the  preceding  seven  reports  was  reprinted, 
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now  considered  as  the  first  of  a  set  of  Smithsonian  Reports. 
•  of  pages  was  limited  between  1854  and  1876  to  400.  In  the 
this  restriction  was  removed,  and  since  then  the  average  number 
I  been  600. 

[)€r  of  copies  of  these  reports  for  general  distribution  ordered 
1  has  been  very  variable,  the  largest  being  7,500  in  1874  and 
le  smallest  150  in  1847.  The  number  of  copies  granted  the 
ach  year  is  shown  in  the  following  table  : 

r  of  extra  copies  furnished  the  Institution  by  Congress  for  distribution. 


No.  OF 
Copies. 

For  the 
Year. 

No.  OF 
Copies. 

For  the 
Year. 

No.  OF 
Copies. 

150 

1859 

2,000 

1871 

5,000 

1,000 

i860 

2,000 

1872 

5.000 

500 

1861 

2,000 

1873 

6/xx> 

1,000 

1862 

2,000 

1874 

7,500 

2,000 

1863 

2,000 

1875 

7.500 

2,000 

1864 

2,000 

1876 

6.500 

3»o«> 

1865 

2,000 

1877 

6,500 

2,500 

1866 

2,000 

1878 

6,500 

2,500 

1867 

2,000 

1879    • 

7.000 

2,500 

1868 

2,000 

1880 

7,000 

5,000. 

1869 

3,000 

5,000 

1870 

5,000 

number  of  pages  in  the  35  volumes  of  Annual  Reports  is  14,419, 
pages ;  total  number  of  woodcuts,  1,898. 

4.  Bulletins  of  the  U.  8.  National  Museum. 

ir  1875  a  fourth  series  of  publications  (octavo)  was  commenced, 
Iletins  of  the  National  Museum,"  intended  to  illustrate  the  col- 
atural  history  and  ethnology  belonging  to  the  United  States, 
the  National  Museum,  of  which  the  Smithsonian  Institution  is 
1. 

these  Bulletins  have  been  published,  with  an  aggregate  of  3,10^ 
ites,  and  1  map. 
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5.  Proceedings  of  the  U.  S.  National  Museum. 

In  imitation  of  the  practice  of  those  learned  societies  which  publish  peri- 
odically descriptions  of  new  species,  &c.,  in  the  form  of  proceedings  of  weekly 
or  monthly  meetings,  and  thus  present  to  the  world  the  discoveries  connected 
with  the  establishment  at  the  earliest  practicable  moment,  it  appeared  to  be 
very  desirable  that  the  National  Museum  should  have  some  medium  of 
prompt  publication  for  announcing  descriptions  of  specimens  received,  (many 
of  which  are  new  species,)  as  well  as  other  interesting  fects  relative  to  natu- 
ral history  ^nished  by  correspondents  of  the  Institution.  To  meet  this 
want  a  fifth  series  of  publications,  (octavo,)  entitled  "Proceedings  of  the 
National  Museum,"  was  commenced  in  1880.  They  are  printed  in  successive 
signatures  as  fast  as  material  sufficient  for  16  pages  is  prepared,  and  dis- 
tributed at  once  to  scientific  societies  and  leading  active  working  naturalists 
in  this  country  and  in  Europe,*  each  signature  having  printed  at  the  bottom 
of  its  first  page  the  date  of  actual  issue,  for  settling  any  question^  as  to 
priority  of  publication.  Of  this  series  four  volumes  have  been  published, 
comprising  2,221  pages,  with  28  cuts  and  19  plates. 

6.  Reports  of  the  Bureau  of  Ethnology. 

The  sixth  series  of  publications  is  the  annual  report  (in  Imperial  octavo) 
of  the  Bureau  of  Ethnology,  placed  by  Congress  in  charge  of  the  Smithso- 
nian Institution.  The  first  volume  of  this  series  was  issued  in  1881,  and 
consists  of  638  pages,  with  343  cuts,  54  plates,  and  1  map. 

The  distribution  of  this  volume  to  individuals  is  wholly  by  Members  of 
Congress  and  the  Director  of  the  Bureau,  Major  J.  W.  Powell — ^the  Institu- 
tion having  copies  at  its  disposal  only  for  the  libraries  on  its  rc^gular  list  of 
distribution  for  its  own  iull  series. 

7.  Copyright. 

No  copyright  has  ever  been  secured  on  the  publications  of  the  Institution. 
They  are  left  free  to  be  used  by  compilers  of  books  without  any  restrictions, 
except  that  full  credit  shall  be  given  to  the  name  of  Smithson  for  any 
extracts  which  may  be  made  from  them. 


*Prof.  Baird's  report  for  i88o. 
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8.  Use  of  Illustrations. 

Copies  of  the  wood  cuts  used  by  the  Institution  are  granted  to  authors  or 
publishers  on  payment  of  the  actual  cbst  of  production  of  electrotypes, 
and  promise  to  give  proper  reference  to  the  article  in  which  they  originally 
appeared. 

9.  Size  of  Editions. 

In  the  first  experiments  of  the  Smithsonian  system  of  publication,  the 
proper  magnitude  of  the  editions  necessary  to  meet  the  immediate  and  future 
demand  could  not  be  accurately  ascertained.  The  number  of  copies  of  the 
Contributions  then  fixed  upon,  has  since  been  found  inadequate,  although  it 
was  larger  than  that  usually  issued  by  other  institutions.  The  edition  has, 
therefore,  been  augmented,  until  at  the  present  time  1,000  copies  of  each 
article  are  set  aside  to  be  combined  into  volumes,  and  an  extra  number,  vary- 
ing with  the  probable  demand,  struck  ofi*  for  separate  distribution,  and  for 


Each  article  is  complete  in  itself,  with  separate  paging,  title,  and  index, 
and  without  any  necessary  relationship  to  others  combined  with  it  in  the 
same  volume. 

Of  the  early  volumes  of  Smithsonian  Contributions,  the  edition,  fi)r  reasons 
already  explained,  was  less  than  of  the  succeeding  ones,  so  that  complete 
sets  cannot  now  be  furnished. 

In  the  year  1862,  the  plan  of  stereotyping  every  article  printed  by  the 
Institution  was  adopted,  the  plates  being  carefiilly  preserved,  thus  making  it 
practicable  at  any  time  to  issue  new  editions  except  where  expensive  litho- 
graphic plates  were  used,  a  limited  number,  only,  of  impressions  firom  these 
having  been  taken. 

A  number  of  the  earlier  articles  in  octavo  were  out  of  print  before  the 
commencement  of  the  series  of  "Miscellaneous  Collections,"  and  consequently 
are  not  included  in  them. 

The  printing  of  the  "Bulletins"  and  "Proceedings"  is  authorized  by  the 
Department  of  the  Interior  and  paid  for  out  of  its  fond.  An  edition 
of  1,000  copies  is  published,  of  which  one-half  is  distributed  by  the  Depart- 
ment of  the  Interior  and  one-half  by  the  Institution.  As  the  pages  are 
stereotyped,  the  cost  of  additional  copies  is  slight ;  and  for  the  purpose  of 
making  sure  that  a  sufficient  number  of  sets  will  be  accessible  forever  to 
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Students  in  all  parts  of  the  world,  it  has  been  considered  expedient  to*  print 
1,500  additional  copies  of  each  for  incorporation  in  the  Miscellaneous  Col- 
lections.* 

10.  Distribution  op  Publications. 

The  distribution  of  the  publications  of  the  Institution  is  a  matter  which 
requires  much  care  and  judicious  selection,  the  great  object  being  to  make 
known  to  the  world  the  truths  which  may  result  from  the  expenditure  of  the 
Smithson  fund.  For  this  purpose  the  Contributions  are  so  distributed 
as  to  be  accessible  to  the  greatest  number  of  readers ;  that  is,  to  large  central 
libraries. 

The  volumes  of  Contributions  are  presented  on  the  express  condition  that, 
while  they  are  carefrilly  preserved,  they  shall  be  accessible  at  all  times  to 
students  and  others  who  may  desire  to  consult  them,  and  be  returned  to  the 
Institution  in  case  the  establishments  to  which  they  are  presented  at  any  time 
cease  to  exist. 

These  works,  it  must  be  recollected,  are  not  of  a  popular  character,  but 
require  profound  study  to  fully  understand  them ;  thev  are,  however,  of  im- 
portance to  the  professional  teacher  and  the  popular  expounder  of  science. 
They  contain  the  materials  from  which  general  treatises  on  special  subjects 
may  be  elaborated-f 

Full  sets  of  the  publications  cannot  be  given  to  all  who  apply  for  them, 
since  this  is  impossible  with  t^e  limited  income  of  the  Institution,  and,  indeed, 
if  care  be  not  exercised  in  the  distribution,  so  large  a  portion  of  the  income 
will  be  annually  expended  on  the  production  of  copies  for  distribution  of 
what  has  already  been  published  that  nothing  further  can  be  done  in  the  way 
of  new  publications.  It  must  be  recollected  that  every  addition  to  the  list  of 
distribution  not  only  involves  the  giving  of  the  publications  which  have 
already  been  made,  but  also  of  those  which  are  to  be  made  hereafter.]; 

The  rules  governing  the  distribution  of  the  Smithsonian  publications  are 
appended.  To  enable  institutions  not  coming  within  their  provisos,  as  well  as 
individuals,  to  procure  copies  of  such  as  may  be  desired,  a  small  number  is  set 
aside  and  sold  by  the  Institution  at  a  price  which  is  intended  merely  to  cover 
the  actual  cost  of  their  publication. 

^  *  Prof.  Baird*s  report  for  1880. 
f  Prof.  Henry*s  report  for  1876.    , 
X  Prof.  Henry's  report  for  1873. 
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STRIBUTION  OF  THE  PUBLICATIONS  OF  THE 
MITH80NIAN  INSTITUTION. 

To  Instibuiiona, 

!  Smithsonian  Institution  are  furnished : 

3  of  the  first  class,  which  present  complete  series  of 
nstitution. 

first  class,  which  give  in  exchange  their  catalogaes 
r  an  equivalent,  from  their  duplicate  volumes. 

irst  class,  which  furnish  catalogues  of  their  libraries 
I  all  publications  relative  to  their  organization  and 

I  containing  25,000  volumes. 

libraries,  where  a  large  district  would  be  otherwise 

►ted   exclusively  to  the   promotion  of   particular 
lay  receive  such  Smithsonian  publications  ias  relate 


To  Indmduah. 
tion  to  individuak,  of  the  publications  of  the  Insd- 

tngaged  in  original  research  in  the  branch  of  sdenoe 
br  pertains. 

re  it  in  the  business  of  instruction. 

useum  or  library  of  the  InstitutioiL 
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12.  Form  op  Application  for  Publications. 

2b  the  Smithsonian  IndittUion,  Waahington,  2>.  (7. 

Date,  18 

In  behalf  of  the  ,  we  respectftdly  apply 

for  the  publications  of  the  Smithsonian  Institution,  on  condition  that  all  vol- 
umes received  shall  be  careftilly  preserved,  be  accessible  to  any  person  who 
may  wish  to  consult  them,  and  be  returned  to  the  Smithsonian  Institution  in 
case  the  establishment  at  any  time  ceases  to  exist. 

1.  Name  of  Establishment 

2.  Location — ^Town 

State  .-. 

3.  When  established 

4.  Character 

5.  Buildings  and  property ». . 

6.  Permanent  fund . 

7.  Annual  income — 

8-   Volumes  in  library , , 

9.  Number  of  persons  having  use  of  books * . 

10.  Date  of  last  catalogue  of  library -— 

11.  What  publications  made . «™-. 


(Send  printed  list  if  possible.) 

12.  Names  of  Officers :  President 

Secretary 

Librarian 


13.  Addresses  of  principal  scientific  men  connected  with  the  Elstablishment  and  subjects  in 
which  specially  interested . ^ — ... . 

I  recommend  the  above  application. 

— ^^.^Member  of  Congress^ 

District State, 
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13.  Price  List  op  Smithsonian  Publications. 

Where  no  price  is  given  the  work  is  out  of  print,  and  cannot  be  fiimished. 
Of  those  marked  "free"  the  edition  is  limited,  and  copies  are  only  given  to 
those  specially  interested  in  the  subjects  to  which  they  pertain,  who  are  col- 
laborators of  the  Institution  or  contributors  to  its  library  or  museum. 
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Smithsonian  Institution. 


Note. — A  to  Q  indicate  early  publications  not  embraced  in  the  regular  series. 


A.  Journal  of  Proceedings  of  the  Regents  of  the  Smithsonian  Institution, 

at  the  city  of  Washington,  beginning  on  the  first  Monday  of  Sep- 
tember, 1846.    1846.    8vo.,  pp.  32. 

B.  Report  of  the  Organization  Committee  of  the  Smithsonian  Institution, 

with  the  resolutions  accompanying  the  same  and  adopted  by  the 
Board  of  Regents ;  also,  the  Will  of  the  testator,  the  Act  accepting 
the  bequest,  and  the  Act  organizing  the  Institution.  1847.  8vo., 
pp.  32. 

C.  Digest  of  the  Act  of  Congress  establishing  the  Smithsonian  Institution. 

August  10, 1846.    8vo.,  pp.  8. 

D.  Address  delivered  on  occasion  of  laying  the  Corner  Stone  of  the 

Smithsonian  Institution,  May  1,  1847.  By  George  M.  Dallas, 
Chancellor  of  the  Institution.     1847.     8vo.,  pp.  8. 

E.  Smithson's  Bequest.     Professor  Henry's  exposition  before  the  New 

Jersey  Historical  Society,  at  its  meeting  in  Princeton,  on  Wednesday, 
September  27.     1847.    8vo.,  pp.  8. 

P.  First  Report  of  the  Secretary  of  the  Smithsonian  Institution  to  the 
Board  of  Regents;  giving  a  Programme  of  Organization,  and  an 
account  of  the  operations  during  the  year.  Presented  December  8, 
1847.    1848.    8vo.,pp.  48. 

G.  [First]  Report  from  the  Board  of  Regents,  submitted  to  Congress,  of 
the  operations,  expenditures,  and  condition  of  the  Smithsonian  Insti- 
tution. Senate  Doc.  211 ;  29th  Congress,  2d  Session.  1847.  8vo., 
pp.  38. 

H.  Second  Report  of  the  Board  of  Regents  of  the  Smithsonian  Institu- 
tion, to  the  Senate  and  House  of  Representatives,  showing  the  opera- 
tions, expenditures,  and  condition  of  the  Institution  during  the  year 

1847.  30th  Congress,  1st  Session.     Senate  Miscellaneous  No.  23. 
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Directions  for  collecting  and  preserving  specimens  of  nests  and  eggs 139 

Edwards.    Directions  for  collecting  diatomacea 366 

Gill.     Recent  progress  in  zoology — 431 

OiRARD.     Bibliography  of  natural  history 48 

GooDK.    Animal  resources  and  fisheries  exhibit,  1876 326 

GooDK.    Classification  of  animal  resources 297 

Kidder  and  others.    Natural  history  of  Kerguelen  Island.-. 294 

KuMLiEN.    Natural  history  of  Arctic  America 342 

Lbidy.     Flora  and  fauna  within  animals  (s.  c.) — — 44 

Museum  miscellanea,  numbers,  labels,  etc.- — — . 164 

Packard.    Directions  for  collecting  insects 261 

Proceedings  of  the  U.  S.  National  Museum. ..I,  332 ;  II,  333 ;  III,  425  ;  IV,  467 

Periodical  phenomena  register 65,  148 

ScuDDER.    List  of  genera  of  animals..-- 470 

Stimpson.     Marine  Invertebrata,  Grand  Manan,  (s.  c.) 50 

Streets.    Natural  history  of  Hawaiian,  Fanning  Islands,  etc 303 

Wbismann.    Change  of  Mexican  axolotl *™ •  401 


IX.— BOTANY. 


Cooper.    Forests  and  trees  of  North  America «.—-«-_ •— — 351 

Egoers.    Flora  of  St.  Croix 313 

Farlow.     Recent  progress  in  botany 430 

Gray.     Plant©  Wrighti ansa,  I  (s.  c.) 22 
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Harysy.    North  American  marine  alg»,  I  (s.  c.) . 32 
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BoTHBOGK.    Flora  of  Alaska 367 
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'Ward.    Directions  for  collecting  and  preserving  plants ^ ^ 460 

"Ward.    Guide  to  the  flora  of  Washington 444 

Watson.    Index  to  North  American  hotany 258 

Wood.    Fresh  water  algsB  (s.  o.) 241 


X.— CHEMISTRY  and  TECHNOLOGY. 

Barker.    Recent  progress  in  chemistry — 429 

Becker.    Atomic  weight  determinations — . 358 

Booth  and  MoRViT.    Chemical  arts 27 

Clarke.    Sxpansion  tables 289 

Clarke.    Recalculation  of  atomic  weights ^ 441 

Clarke.    Specific  gravity  tables 255 
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Clarke.    Specific  heat  tables 276 
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Hare.    Bxplosiveness  of  nitre  (s.  c.) ^ 17 

Henry.    Investigation  of  illuminating  materials , 389 

Hunt.    Chemistry  of  the  earth 376 

Jones.     Chemical  and  physiological  investigations  (s.  c.) 82 

MoRiN.    Warming  and  ventilating  occupied  buildings 439 

Newton.    Metric  system  of  weights  and  measures 371 

Smithson.    Scientific  writings 327 

Taylor.    Henry  and  the  telegraph 405 

Wetherill.     Ozone  and  antozone - 355 


XI.— ELECTRICITY  and  MAGNETISM. 

Baohe.     Magnetic  discussion,  parti  (s.  c.) 1 113 

Bache.  "  "  part  II  (s.  c.) 121 
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SoNNTAO.     Terrestrial  magnetism,  Mexico  (s.  c.) 114 

Taylor.    Henry  and  the  telegraph 405 


XII.— ETHNOLOGY.    {See  Anthropology  and  Philology.) 


XIII.— GEOLOGY.    {See  also  Paljsontology.) 

Cooper.    Physical  geography  of  North  America — -. 351 

Hawbs.     Recent  progress  in  geology . 428 

HiLGARD.    Geology  of  lower  Louisiana  (s.  c.) 248 

Hitchcock.    Surface  geology  (s.  c.) 90 

Mason.     Luray  Cavern  in  Virginia 433 

PuMPELLY.    Geology  of  China,  Mongolia,  and  Japan  (s.  o.) 202 

Whittlesey.    Fluctuations  of  lakes  (s.  c.) 119 

Whittlesey.    Glacial  drift  (s.  c.) -. 197 


XIV.— MAGNETISM.    {See  Electricity.) 


XV.— MATHEMATICS. 

Alvord.    Tangencies  of  circles  (s.  c.) 80 

Ferrel.    Converging  series  (8.  c.) 233 

Newcomb.    General  integrals  of  planetary  motion  (s.  c.) 281 
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Abbe.     Meteorological  memoirs 398 

Bache.    Girard  College  obaerYations  (s.  c.)..  113, 121, 132,  162,  175, 186,  195 

Caswell.     Observations,  Providence,  Bhode  Island,  1881-1860  (s.  c.) 103 

Caswell.    Observations,  Providence,  Bhode  Island,  1831-1876  (s.  c.) 443 

Chappblsmith.    Tornado  (s.  c.) . 59 

Clouds,  nomenclature  of -,     347 

Coffin.     Meteoric  fire-ball  (s.c.) 221 

Coffin.     Psychrcmetrical  tables . * 87 

Coffin.    Winds,  northern  hemisphere  (s.  c.) 52 

Coffin.    Winds  of  the  globe  (s.c.) 268 

CoLDiNO.    The  nature  of  air  currents 398 

CoLDiNO.    The  whirlwind  of  St.  Thomas  in  1871 398 

CooPEB,  J.  O.    Forests  and  trees  of  North  America 351 

Directions  for  meteorological  observations 19, 148 

Fbbbel.     Beply  to  strictures  of  J.  Hann ^' 398 

FoBCE.    Becord  of  auroras  (s.  c.) 84 

GuYOT.     Meteorological  directions 19,  148 

GuTOT.    Meteorological  and  physical  tables 31,  153 

Hann.    Diminution  of  vapor  with  altitude 398 

Hann.    Influence  of  rain  on  the  barometer 398 

Hann.     Atmospheric  pressure  and  rain-fall 398 
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Hann.     Laws  of  temperature  in  ascending  currents 398 

Hann.    Belation  between  pressure  and  wind 398 

Hates.    Arctic  observations  (s.  c.) ^ 196 

Henby.    Circular,  altitudes 236 

Henby.          "        directions  for  constructing  lightning  rods 237 

Henbt.           '*        thunder-storms 235 

Henby.          "        tornadoes— 1 190 

HiLDBSTH  and  Wood.    Observations,  Marietta,  Ohio  (s.  c.) 120 
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Loud.    Discussion  of  Snell's  barometric  observations 435 

LooMis.    Storms  in  1886  (s.c.) ___  127 

Map  of  the  stars  near  the  north  pole  for  aurora 350 

McClintock.    Arctic  observations  (s.  c.) 146 

McPablin.    Climate  of  New  Mexico 396 

Meech.    Intensity  sun's  heat  (s.  c.) 83 

Cleayeland.     Meteorological  observations,  Brunswick,  Maine  (s.  c.) 204 

Kane.    Meteorological  arctic  observations  (s.  o.) 104,  198 

Meteorological  observations,  1856 93 
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Meteorological  results,  1854-59,  vol.  1 157 

Meteorological  results,  1854-59,  vol.  2 182 

Meteorological  stations  and  observers  1849-1868 373 

Meteors,  November 217 

Olmstead.    Aurora  (s.  c.) • 81 

Periodical  phenomena,  registry  of 65,  148 

Pksliit.     Relation  between  barometric  pressure  and  air  currents 398 

Planisphere  of  the  visible  heavens,  for  observation  of  meteors. 359 

Rain  charts  for  summer,  wintey,  and  year - 374 

Rryk.     Rainfall  and  barometric  minima 398 

ScHOTT.     Base  chart  of  the  United  States 414 

ScHOTT.    Tables  of  rain  and  snow  in  the  United  States  (s.  o.) 222,  353 

ScHOTT.     Tables  of  temperature  (s.  c.) 277 

Smith.    Observations,  Washington,  Arkansas  (s.  c.) 131 

SoHNCKE.     Variation  of  temperature  in  ascending  currents  of  moist  air 398 

Temperature  chart  of  U.  S.  for  year 381,  388 

Temperature  charts  of  the  U.  S.  for  summer,  winter,  and  year — 387 


XVIII.— MICROSCOPY. 

Bailsy.    Microscopic  observations.  Southern  States  (s.  o.) 23 

Bailet.    New  microscopic  organisms  (s.  c.) 63 

Bailey.    Soundings,  coast  survey  (s.  c.) 20 

Dean.     Medulla  oblongata  (s.  c.) 173 

Edwabds.    Directions  for  collecting  microscopic  organisms 366 

Leidy.     Flora  and  fauna  within  living  animals  (s.  c.) *  44 

WooDWABD.    Cancerous  tumors . , .— » ■.  266 


XIX.— MINERALOGY. 

Babinet.    Diamomd  and  precious  stones 377 

Brezika.    Crystallography  and  crystallophysics 386 

Egleston.    Catalogue  of  minerals 156 

Hawbs.     Recent  progress  in  mineralogy 428 
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Committee  on  Organization,  report  of B,  L 

Correspondence  Squier  and  Davis — K 

Circular  relative  to  exchanges 324 

Circular  relative  to  Smithsonian  Institution - 290 

Dallas.    Address,  laying  corner-stone  of  Smithsonian  Institution D 

Digest  of  act  of  Congress  relative  to  Smithsonian  Institution C 

Directory  of  officers,  collaborators  and  employes 466 

Establishment  and  officers  of  Smithsonian  Institution  and  Museum 449 

Hbnbt.    Exposition,  Smithson's  bequest B 

History  of  Smithsonian  Institution  ^— — 328 

Institutions,  list  of  domestic 69,  238 

Institutions,  list  of  foreign 64,  154,  225,  243,  469 

Journals  of  the  Board  of  Begents,  statistics,  etc 329 

Officers  and  Begents  and  act  of  organization.... .. . N 

Peabody.    Scientific  education  of  mechanics 380 

Proceedings,  Begents,  1846 A 

Programme  of  organization - , J 

Begulations  of  Smithsonian  Institution ..  260 

Relative  to  Vie  National  Museum. 

Baibd.    Circular  relative  to  petroleum  collections 447 

Baibd.    Circular  to  friends  of  the  museum ^ 446 

Baibd.    Beport  on  Smithsonian  exhibit  at  Centennial,  1876 ... 307 

Circular  of  the  United  States  National  Museum,  No.    1 .  445 
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Circular  of  the  United  StatM  National  Museum,  No.  17 473 

"          «*                   "                           •*                   "    18 —  474 

Circular  requesting  material  for  Museum  library 458 

Classification  of  animal  resources 297 

Contributions  to  Museum,  and  acknowledgement 473 

GooDE.     Animal  resources  and  fisheries 326 

GooDB.    Classification  of  Museum  collections 457 

GooDE.     Classification  of  the  food  collections. 455 

Goods.    Installation  of  collections  in  Museum 472 

GooDE.    Organization  and  objects  of  the  Museum 459 

Goods.    Organization  and  regulations  of  the  Museum 445 

HoRKADAT.     Classification  of  the  collections  in  taxidermy 456 

Hudson's  Bay  circular 137 

Phillips.     Letters  on  the  work  of  the  National  Museum 454 

Publications  of  National  Museum,  list  of — 474 
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XXlI.— PALEONTOLOGY. 

CoKBAD.     Check  list  of  eocene  fossils — 200 

GiBBSS.     Mosasaurus  (8.  c.) 14 

Leidt.    Ancient  fauna,  I^cbraska  (s.  c.) 58 

Leidt.    Cretaceous  reptiles  (s.  c.) 192 

Leidy.     Extinct  sloths  (s.  c.) 72 

LsiDY.    Fossil  ox  (s.  c.) 1 41 

MsKK.     Check  list  of  cretaceous  and  Jurassic  fossils . .,— 177 

Meek.    Check  list  of  miocene  fossils 183 

Meek  and  Haydsn.     Palsdontology  of  Nebraska  (s.  c.) 172 


XXIII.— PHILOLOGY. 

Bo  WEN.    Yoruba  grammar  and  dictionary  (s.  c.) — — ^  98 

GiBBS.    Chinook  jargon 161 

GiBBS.    Comparative  Vocabulary 170 

GiBBS.     Ethnological  and  philological  instructions 160 

LiEBEB.    Vocal  sounds  of  Laura  Bridgman  (s.  c.) 12 

Mitchell  and  Turker.    Vocabulary  of  jargon 68 
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HoRGAK.    Systems  of  consanguinity  (s.  o.) 218 

BiQOS.    Dakota  grammar  and  dictionary  (s.  c.) ..       40 

BcBHRia.    Language  of  the  Dakoto  or  Sioux  Indians 378 

Whitney.    Lectures  on  Linguistics 352 


XXIV.— PHYSICAL  GEOGRAPHY. 

OooPXR.    Physical  geography  of  North  America 351 

Ellet.    Physical  geography  of  the  Mississippi  valley  (s.  o.) 13 

Hates.    Observations  in  the  Arctic  seas  (s.  c.) 196 

Henrt.     Circular  relative  to  heights .^ 236 

Hason.     Luray  Cavern  in  Virginia .• 433 


XXV.— PHYSICS.    {See  also  Terrestrial  Physios.) 

Barker.    Recent  progress  in  physics 429 

Barnard.    Internal  structure  of  the  earth  (s.  c.) 310 

Barnard.    Problems  of  rotary  motion  (s.  o. ) 240 

Brezina.     Crystallography  and  crystallophysics .^.. 386 

Coffin.    Winds  of  the  globe  (s.  o.) 52,  268 

Davis.    Law  of  deposit  of  flood-tide  (s.  o.) 33 

Dblaunay.    Essay  on  velocity  of  light 354 

Draper.    Telescope  in  photography  (s.  c.) 180 

OouLD.    Transatlantic  longitude  (s.  c.) 223 

€^UYOT.     Physical  and  meteorological  tables 31, 153 

Hayes.    Physical  observations,  Arctic  seas  (s.  c.) 196 

Henry.    Electro-magnetic  telegraph 115 

Henry.     Investigation  of  illuminating  materials 389 

Henry.    Lightning  rods , 237 

Henry.    Researches  on  sound ^ ^ 406 

HiLOARD.    Tides  and  tidal  action 390 

Holmgren.    Color-blindness 399 

Hunt.     Chemistry  of  the  earth . 376 

Xane.    Physical  observations,  Arctic  seas  (s.  c.) 198 

^  Hbeoh.    Heat  and  light  of  the  sun  (s.  c.) 83 

Newton.    Metric  weights  and  measures 371 

Taylor.    Henry  and  the  telegraph 405 

"Taylor.     Kinetic  theories  of  gravitation 395 

Taylor.    Nature  and  origin  offeree 375 
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ScHOTT.    Base  chart  of  the  United  States 414 

Skcchi.    Electrical  rheometry  (8.  c.) 36 

"WHITTLB8BT.    Fluctuations,  level  of  lakes  (s.  a) 119 


XXVI.— PHYSIOLOGY.    (5^  Akatomy,  etc.) 


XXVII.— TECHNOLOGY.    (5^  Chemistry,  etc.) 


^        XXVIIL— TERRESTRIAL  PHYSICS. 

Bachs.    Discussion  of  magnetic  observations  (s.  c.)...1, 113;  II,  121;  III,  132; 
IV-VI,  162;  VII-IX,  175;  X-XII,  186;  I-XII,  195 

Bache.    Magnetic  survey  of  Pennsylvania  (s.  c.) 166 

Barnabd.    Problems  of  rotary  motion,  and  precession  of  equinoxes  (s.  c.)..  240 

CoFPiN.    "Winds  of  the  globe  (s.  c.) 268 

Coffin.    Winds  of  the  northern  hemisphere  (s.  c.) 52 

Davis.    Dynamical  action,  etc.,  of  the  flood  tide  (s.  c.) 33 

Force.    Record  of  auroral  phenotnena  (s.  c.) 84 

Hayes.    Physical  observations  in  Arctic  seas  (s.  c.) 196 

Henry.    Circular  relative  to  altitudes 236 

HiLGARD.    Tides  and  tidal  action  in  harbors 390 

Hunt.    Chemistry  of  the  earth 376 

Kane.    Magnetical  observations  in  the  Arctic  seas  (s.  o.) 97 

Kane.    Physical  observations  in  the  Arctic  seas  (s.  c.) 198 

Kane.    Tidal  observations  in  the  Arctic  seas  (s.  c.) 130 

Locke.    Observations  on  terrestrial  magnetism  in  United  States  (s.  c.) ^  35 

MuLLER.    Observations  on  terrestrial  magnetism  in  Mexico  (s.  c.) 114 

Olmstead.    Secular  period  of  the  aurora  (s.  c.) 81 

SoNNTAO.    Observations  on  terrestrial  magnetism  in  Mexico  (s.  c.) 114 

Whittlesey.    Fluctuations  of  level  in  the  North  American  lakes  (s.  c.) 119 
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Birds, 


Baird.    Arrangement  of  birds . 210 

Baird.    Catalogue  of  birds,  4to . 106 
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Baibd.    Instructions  for  collecting  bird's  nests  and  eggs 139 

Baird.     Review  of  birds,  part  I 181 

Brewsb.     North  American  oology,  part  I  (s.  c.) 89 

Circular,  birds  of  South  America 168 

Desiderata  of  birds  of  Mexico,  Central  America,  etc 185 

Elliot.     List  of  Trochilidss,  (humming  birds) 334 

Elliot.     Monograph  of  Trochilid»  (s.  o.) 317 

KiDDBB  and  Coues.     Birds  of  Kerguelen  Island 293 

Lawbenoe.     Birds  of  Mexico ' ..  295 

LiLLJEBOBG.     Outline  of  classification  of  birds . 364 

RiDGWAY.     Catalogue  of  old  world  birds  in  Museum — 462 

BiDOWAT.    Nomenclature  of  North  American  birds 422 

Fishes, 

Baibd.    Circular  for  shipping  fresh  fish -— — — ^— • 384 

Baibd.     Circular  relative  to  food  fishes 234 

Baibd.    Fishes  of  New  Jersey  coast 348 

Baibd.     Inquiry  relative  to  food-fishes 231 

Beak.     Direetions  for  collecting  and  preserving  fish 1 464 

Gill.     Arrangement  of  fishes - 247 

Gill.     Bibliography  of  fishes  of  Pacific  coast 463 

Gill.    Catalogue  of  fishes 283 

Gill.    Fishes  of  Western  North  America 307 

Gibabd.    Monograph,  cottoids  (s.  c.) 30 

Goobe.     Berlin  exhibit  of  fisheries  and  fish  culture * 413 

£k>ODB.    Fishes  of  Bermuda 296 

Jordan  and  Bbatton.    Fishes  of  South  Carolina,  Georgia,  and  Tennessee  —  308 

JoBDAN.    Notes  on  cottids 306 

JoBDAN.    Notes  on  Baflnesque's  memoirs,  North  American  fishes 305 

Insects. 

AoASSiz.    Classification  of  insects  (s.  o.) 16 

Circular  to  entomologists 178 

Circular  concerning  department  of  insects 448 

Db  Saussubb.    Monograph  of  wasps,  hymenoptera 254 

Haoek.    Synopsis  of  neuroptera 134 

Lb  Cokte.    Classification  of  coleoptera,  part  I 136 
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Lb  Cohte.    Kan<:as  and  New  Mexico  coleoptera  (s.  c.) 126 
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Lb  Conte.    List  of  coleoptera 140 
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LoBw.     Monograph  of  diptera,  part  I 141 
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Melshbimer.     Catalogue  of  coleoptera 62 

Morris.    Catalogue  of  lepidoptera 118 

Morris.    Synopsis  of  lepidoptera .* 133 

OsTBN  Saokbn.     Monograph  of  diptera,  part  IV 219 

OsTBN  6ACKBK.     Catalogue  of  diptera 102,  2T0 

Packard.    Directions  for  collecting  insects 261 

ScuDDBR.    Catalogue  of  orthoptera 189 

Mammals, 

Allen.    Monograph,  North  American  bats — „.— «. ^ 165 

Baird.    Catalogue,  mammals—- .^ « 105 

Gill.    List  of  families  of  mammals «. 230 


Molluaks, 

BiNKET.     Bibliography  North  American  conchology,  part  I 142 
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BiKKEY.     Land  and  ft^h-water  shells,  part  I.    Pulmonata  geophila 194 

BiNNBT.        "                   "               "        "     II.    Pulmonata  Limnophila 143 

BiNNBT.        "                   *'               "        "     III.    Ampullariid»,  eke 144 

Carpenter.    Mollusks  of  Western  North  America 252 

Carpenter.    Chitonidse 251 

Carpenter.    Lectures  on  mollusca .  152 

C]ieck  list  of  shells 128 

Circular  for  collecting  shells 176 

Dall.     Index  of  names  applied  to  braohiopoda 304 

Exploring  expedition,  duplicate  shells 193 

Gill.    Families  of  moUusks 227 

Lewis.     Instructions  for  collecting  land  and  fresh-water  shells 363 

Prime.    Corbiculad» 145 

Stimpson.    Hydrobiins 201 

Trton.     Land  and  fresh-water  shells,  part  IY.    Strepomatid® 253 
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Stimpson.     Marine  invertebrata  of  Grand  Manan  (s.  c.) 50 

Reptiles. 

Baird  and  Girard.    Catalogue  of  serpents 49 

Baird.     Circular  on  collecting  reptiles 320 

Oops.    North  American  batrachia  and  reptilia 292 
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1848 

860 
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48 

2 

1. 
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24 
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26 
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4,  5,  6,  7,  11. 
85,  86,  80,  82,  22,  83,  87,  24,  29. 

IV 

1852 
1858 

426 
538 

89 
55 

40. 

V 

4 

45 

...—.. 

44,  41,  45,  48,  42. 

VI 

1854 

484 

9 

53 

56 

46,  60,  61,  50,  52,  58,  54. 

VII 

1855 

260 

74 

72 

2 

76 

59,  68,  70,  72,  78. 

VIII 

1856 

564 

52 

9 

— . — 

78 

71,  81,  80,  82,  84,  85. 

IX 

1857 

480 

45 

22 



92 

88,  90,  86,  88,  79,  94. 

X 

1858 

462 

1 

16 

1 

99 

95,  97,  98. 

XI 

1859 

502 

20 

28 

111 

89,  100,  lis,  104,  126,  114,  127. 

XII 

1860 

588 

15 

8 

112 

129,  119,  108,  131,  135. 

XIII 
XIV 

1868 
1865 

558 
490 

80 
158 

4 

25 

8 

151 
184 

180,  146,  155,  121,  182,  162,  166, 

159. 
175,  186,  180,  172,  192. 

XV 

1867 

620^ 

47 

18 

4 

206 

199,  197,  202,  196. 

XVI 

1870 

498 

76 

18 

211 

178,  204,  120,  208,  221,  223,  220. 

XVII 

1871 

616 

6 

14 

229 

218. 

XVIII 

1872 

646 

10 

5 

8 

246 

222,  282,  239,  233. 

XIX 

1874 

640 

6 

21 

272 

240,  241,  262. 

XX 

1876 

794 

4 

26 

284 

268. 

XXI 

1876 

548 

80 

9 

8 

285 

280,281,267,277. 

XXII 

1880 

587 

474 

20 

840 

259,  269,  287,  881,  818. 
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766 

160 

18 

846 

242,  248,  310,  817,  357. 
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1862 

788 

28 

122 

148,  87,  158. 

II 
III 

1862 
1862 

714 
776 

88 
49 



128 
124 

27,  115,  58,  108,  49,  128,  84,  187,  189, 

168,  176,  138. 
102,  118,  186,  117. 

IV 

1862 

762 

80 



125 

184,  188. 

V 

1864 

774 



158 

142,  74,  154. 

VI 

1867 

888 

15 

7 

169 

141,  171,  140,  167. 

VII 

VIII 

IX 

1867 
1869 
1869 

878 
921 

914 

813 
780 

4 

191 
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218 
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156,  161,  160,  208. 
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790 
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248,  245. 
280,  247,  256,  261,  264,  265. 
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767 

86 

-, 

274 

181,  255,  268. 

XIII 
XIV 
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982 
911 

45 

4 

812 
814 
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806,  806. 
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950 
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816,  819,  820. 
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XVII 

1880 
1880 
1880 
1881 

1084 
851 

1084 
846 

886 
837 
416 
428 

828. 

XVIII 

829. 

XIX 

882,  838. 

XX 
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XXI 

1881 

773 

42 

18 

424 

880,  827,' 856. 
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1882 
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18 

4 
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"  "  "  No.  16 
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292 
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294 
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84 
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II 

III 
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• 
608         2 

694  j       6 
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8 
7 
2 
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1879 
1880 
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XIX 

XIX 
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E  Exposition  of  Bequest.     Henry 1847 

P  First  Report  of  Secretary.     Henry * 1848 

J  Programme  of  Organization.     Henry 1848 

K  Correspondence,  Squier  and  Davis 1848 

L  First  Report  of  Organization  Committee 1847 

M  Reports  of  Institution  to  1849 184^ 

N  Officers  and  Regents  .-_ — 1847 

25  Public  Libraries.     Jewett 1850 

152  Lectures  on  Mollusca..  Carpenter 1860 

251  Memoir  of  Von  Martius.     Rau 1869 

307  Report  on  Centennial.     Baird 1876 

343  Annual  Reports.     Henry 186^77 

348  Fishes  of  New  Jersey.     Baird 1854 

351  Forests  of  North  America.     Cooper .. 1858 

352  Lectures  on  Linguistics.     Whitney ^ 1863 

354  Essay  on  Velocity  of  Light.     Delaunay 1864 

355  Ozone  and  antozone.     Wetherill 1864 

360  Palafittes.     Desor _ 1 1865 

361  Aborigines  of  California.     Baegbrt 1863-4 

362  Artificial  Shell  Deposits  in  New  Jersey.     Rau 1864 

364  Classification  of  Birds.     Lilljeboro 1865 

365  Tinneh  Indians.     Ross  and  others 1866 

367  Flora  of  Alaska.    Rothrock 1867 

368  Indian  Pottery.     Rau.— - 1866 

369  Dorpat  and  Poulkova.     Abbe 1867 

370  Flint  Implements  in  Illinois.     Rau 1868 

371  Metric  Tables.     Newton — 1865 

372  Drilling  in  Stone  without  Metal.     Rau 1868 

373  Meteorological  Stations  and  Observers 1868 

375  Origin  and  Nature  of  Force.     Taylor 1870 

376  Chemistry  of  the  Earth.     Hunt _ 1869 

377  Diamond  and  Precious  Stones.     Babinet 1870 

378  Dakota  Language.     Rcehriq 1871 

379  Eulogy  on  A.  D.  Bache.     Henry 1870 
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Vol.  of 
Report 

380  Scientific  Education  of  Mechanics.     Peabody 1872 

382  North  American  Stone  Implements.     Rau 1872 

385  Ancient  Aboriginal  Trade.     Rau 1872 

386  Crystallography.     Bbbzina 1872 

389  Investigation  of  Illuminants.     Hbnrt , 1880 

390  Tides.     Hilgard 1874 

392  Prehistoric  Antiquities  of  Hungary.     Romer 1876 

393  Mound  Builders  and  Ancient  Man  in  Michigan.     Gillman 1873  and  1876 

394  Stone  Age  in  New  Jersey.    Abbott 1876 

395  Kinetic  Theories  of  Gravitation.    Taylor 1876 

396  History  and  Climate  of  New  Mexico.     McParlin 1877 

397  Latimer  Antiquities.     Mason 1876 

398  Meteorological  Memoirs.     Abbe 1877 

399  Color-blindness.    Holmgren 1877 

400  Aboriginal  Structures  in  Georgia.     Jones 1877 

401  Mexican  Axolotl.     Weismann 1877 

402  Stock-in-trade  of  Aboriginal  Lapidary.     Rau 1877 

403  Gold  Ornament  from  Florida.     Rau 1877 

404  Polychrome  Bead  from  Florida.     Haldeman 1877 

405  Henry  and  the  Telegraph.     Taylor , 1878 

406  Researches  in  Sound.     Henry 1878 

407  Memoir  of  Joseph  Henry.     Gray 1878 

408  Report  of  Secretary  for  1878.     Baird _ 1878 

409  Report  of  Museum  Building  Commission  and  Architects 1879 

410  Reports  of  Observatories.     Holden 1879 

411  Irritation  of  Polarized  Nerve.     Lautenbach 1878 

415  Savage  Weapons.     Knight 1879 

418  Report  of  Secretary  for  1879.     Baird 1879 

419  Report  of  Secretary  for  1880.     Baird > 1880 

420  Anthropological  Investigations.     Mason 1879 

421  Index  to  Anthropological  Articles.     Bcehmer 1879 

426  Synopsis  of  HerscheVs  Writings.     Holden  and  Hastings 1880 

427  Recent  Progress  in  Astronomy.     Holden 1880 

428  "              "         Geology  and  Mineralogy.     Hawes 1880 

429  "              •*         Physics  and  Chemistry.     Barker ^  1880 

430  '*              **         Botany.     Farlow 1880 

431  "             "         Zoology.     Gill _ 1880 

432  "             "         Anthropology.    Mason 1880 

433  Report  of  Visit  to  Luray  Cave.     Mason 1.  1880 

434  Report  of  Museum  Building  Commission  and  Architects 1880 
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Vol.  of 
Report 

435  SnelPs  Barometric  Observations.     Loud , .     1880 

436  List  of  Periodicals  received  by  Smithsonian  Institution 1880 

438  Reports  of  Observatories.     Holden  and  B(£HMEB 1880 

439  Warming  and  Ventilating  Buildings.     Morin 1878-4 

440  Anthropological  Articles.     Rait 1863-77 


PUBLICATIONS  NOT  IN  REGULAR  SERIES  OP  "CONTRIBUTIONS," 
"COLLECTIONS,"  OR  "REPORTS. 

C  Digest  of  Act  of  Congress. 

P  Hints  on  Public  Architecture.     Owen. 

Q  Check-list  of  Periodicals. 

18  Report  on  the  Discovery  of  the  Planet  Neptune.     Gould. 

47  On  Construction  of  Catalogues  of  Libraries.     Jewbtt. 

48  Bibliography  of  American  Natural  History  for  1851.     Girard. 

62  Catalogue  of  Described  Coleoptera  of  the  United  States.     Melsheimkr. 

64  List  of  Foreign  Institutions. 

65  Registry  of  Periodical  Phenomena. 

66  The  Annular  Eclipse  of  May  26,  1854. 

68  Vocabulary  of  the  Jargon.     Mitchell  and  Turner. 

69  List  of  Domestic  Institutions. 

93  Meteorological  Observations  for  1855. 

101  Map  of  the  Solar  Eclipse. 

105  Catalogue  of  North  American  Mammals.     ITaird. 

106  Catalogue  of  North  American  Birds.     Baird. 
116  List  of  Public  Libraries.     Rhees. 

157  Results  of  Meteorological  Observations,  1854-1859.     Vol.  I. 

170  Comparative  Vocabulary. 

182  Results  of  Meteorological  Observations,  1854-1859.     Vol.  II. 

185  liist  of  Birds  of  Mexico,  &c.     Baird. 

193  List  of  Duplicate  Shells  collected  by  Wilkes. 

217  Letter  of  M.  Hoek  on  Meteoric  Shower. 

225  List  of  Foreign  Correspondents. 

226  List  of  Smithsonian  Publications. 

260  Regulations  of  the  Smithsonian  Institution. 

278  Check-list  of  Publications  of  Smithsonian  Institution. 

290  Circular  for  distribution  at  Centennial. 

347  Nomenclature  of  Clouds. 

350  Map  of  Stars  near  the  North  Pole. 

359  Planisphere  of  the  Visible  Heavens. 

366  Directions  for  collecting  Diatomacea,  &c.     Edwards. 

414  Base  Chart. 

437  Check-list  of  Smithsonian  Publications. 

466  Directory  of  Officers  and  Employes. 
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lilST  OF  PAPERS  PUBLISHED  IN  THE  "SMITHSONIAN  CONTRIBU- 
TIONS TO  KNOWLEDGE." 


Author. 


1  j  Squier,  E.  G.,  and 
I      Davis,  E.  H. 

3  t  Walker,  S.  C 


4  '  Walker,  S.  C 


Title  of  Work. 


Ancient  Monuments  of  Mississippi  Val- 
ley. 


Researches,  Planet  Neptune. 
Ephemeris  of  Neptuno  for  1848. 

5  I  Walker,  S.C ,  Ephemeris  of  Neptune  for  1849. 
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W.  T.  HoRNADAY.     (P.  1881) 467,  456 

food  collections— G.  B.  Goode.    (P.  1881) _ 467,  455 

forms  in  which  drugs  and  medicines  appear  and  are  administered — J.  M. 

Flint.    (P.  1881). 467,  451 

insects  from  embryological  data — L.  Agassiz 16 

methods  of  capture  and  utilization  of  animals — G.  B.  Gk>0DE 297 

Classified  list  of  meteorological  publications  and  articles  in  periodicals  received 

by  Smithsonian  Institution.     (B.  1878) 275 

Classified  record  of  meteorological  material  preserved  in  Smithsonian.     (B. 

1874) 28ft 

Classified  record  of  monthly  meteorological  reports.     (B.  1878) 276 

Oxeayeland,  p.    Meteorological  observations  at  Brunswick,  Maine 204 

CxEAVELAND,  P.,  notico  of,  by  J.  Henry.    (B.  1869) 110 

Clbmenb,  B.    Instructions  for  collecting  hymenoptera.    (B.  1868) 109 


Digitized  by 


Google 


160  ALPHABBTICAL   INDEX 

Olbmens,  B.     Instructions  for  collecting  lepidoptera.     (B.  1858) 109 
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of  historical  documents  in  Guatemala — 0.  H.  Bebsndt.     (B.  1876) 29^ 

of  meteorological  tables — A.  Guyot 31, 153 

to  illustrate  animal  resources  and  fisheries  of  United  States,  exhibited 

at  Philadelphia,  in  1876,  catalogue  of-^G.  B.  Goods 326 

to  illustrate  animal  resources  of  United  States,  classification  of — G.  B. 

GOODE 2OT 

Collections — 

additions  to.     (See  each  annual  report.) 

furnished  by  explorations  from  1888  to  1877— S.  P.  Baird.     (R.  1877)—  328 

in  archaeology  and  ethnology,  circular  relative  to— J.  Henry 20S 

made  by  Lt.  G.  K.  Warren,  report  on— F.  B.  Meek  ;  F.  V.  Hayden__  172 

of  living  reptiles,  circular  relating  to 320 

presented  to  United  States  by  foreign  commissioners  at  Centennial  Exhibi- 
tion, list  of.     (R.  1876) 1 29» 

to  illustrate  art  of  taxidermy— W.  T.  Hornaday.     (P.  1881) 467,  456 

Collections — See  Ethnographical. 

Collectors  of  customs  to  receive  and  transmit  specimens  to  the  Smithsonian 34 

Collectors  of  drugs,  memoranda  for— J.  M.  Flint.     (P.  1881) 467,  452 

College — See  Girard,  Hamilton,  Liberia. 

Colleges  in  United  States  in  correspondence  with  Smithsonian  Inst.,  list  .of 288 

Collins,  Colonel.    Meteorology  of  the  Green  river  country.     (R.  1871) 24^ 

Colonia  Tovar,  Venezuela,  meteorology  and  ethnology  of— A.  Fendleb.     (B. 

1857) _ 107 

Colonia  Tovar,  Venezuela,  meteorology  of— A.  Fendleb.     (R.  1866) 214 

Colorado—  . 

ancient  remains  in — E.  L.  Bebthoud.     (R.  1867) 216 

climate  of— J.  Evans.     (R.  1866)._ ^f» 
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ancient,  of  Ohio,  sketch  of— I.  Dille.     (R.  1866) 214 
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of  the  sun,  March"  16,  1858,  map  of— T.  Hill 101 
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Educational  aeries  of  marine  invertebrates  distributed  by  United  States  National 
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Edwards,  W.  H.     Diurnal  lepidoptera  of  Arctic  America 842 
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12 


Digitized  by 


Google 


178  ALPHABETICAL   INDEX 

Effect  of  moon  on  the  weather— J.  Henry.     (K.  1871) 249 

Eggkks,  H.  p.  a.    Flora  of  St.  Croix  and  Virgin  Islands 313 

Egging  expedition  to  Shoal  Lake,  Lake  Winnipeg— D.  Gunk.     (R.  1867) 21 S 


instructions  for  collecting— S.  F.  Baird.     (R.  1868) 109,  139 

instructions  for  collecting — A.  Newton 189 

instructions  for  collecting -and  preserving — T.  M.  Brewer 139 

North  American— T.  M.  Brewer 99 

of  the  eight  North  American  species  of  Emjndonaces — T.  M.  Brewer. 
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Elastic  force  of  aqueous  vapor,  table  for  determining — J.  H.  Coffin 87 

Electric  phenomenon— W.  F.  Given.     (R.  1866) 209 

Electric  resonance  of  mountains,  observations  on — d.  db  Saussure.     (R.  1868.)  224 
Electrical — 

currents  of  the  earth— C.  Matteucci.     (R.  1867;  R.  1869) 216,  228 

discharge,  dispersion  of  a  cloud,  by  D.  W.  Naill,     (R.  1868) 109 

rheometry,  researches  on — A.  Secchi 36 

Electricity — 

accounts  of  lightning  discharges.     (R.  1867) 216^ 

and  galvanism,  report  on  recent  progress  in — J.  Muller.     (R.  1867) 107 

and  magnetism,  later  views  of  connection  of — H.  Helmholtz;  J.  C. 

Maxwell.     (R.  1878) 276 

atmospheric— F.  Duprez.     (R.  1868) 109 

considerations  on.     (R.  1867) !-- 216 
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Rive.     (R.  1874) - 286 
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De  La  Rive.    (R.  1868) 187 

presence  of,  during  fall  of  rain— Prof.  Palmieri.     (R.  1870) 244 

report  of  recent  progress  in — J.  Muller.     (R.  1866) 91 

Electro-magnetic — 

seismograph — Prof.  Palmieri.     (R.  1870) -i «— - 244 
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telegraph — See  Henry ;  Telegraph. 

Electro-physiology,  lectures  on — C.  Matteucci.    (R.  1866) 209 
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Elliot,  D.  G.     List  of  described  species  of  humming  birds 334 
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Ellsworth,  B.  W.     Ancient  implement  of  wood  ft'om  Connecticut.    (R.  1876)  29^ 
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Embryology  of  insects — L.  Aqassiz 16 
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Bureau  of  Ethnology,  and  Fish  Commission,  directory  of 466 

Ekcke,  J.  P.,  memoir  of,  by  G.  Hagen.     (R.  1868) 224 

Bndlich,  P.  M.— 

Analysis  of  water  destructive  to  fish  in  Gulf  of  Mexico.     (P.  1881) 467 

Geology  of  Kerguelen  Island ...  294 

List  of  minerals  in  National  Museum,  1873, 1879.   (R.  1878 ;  P.  1880)  275,  426 

Endothyra  ornata,  note  on— C.  A.  White.     (P.  1879) - 888 

Ehoslhardt,  M.    Formation  of  ice  at  the  bottom  of  water.     (R.  1866) 214 

Enoelhakn,  G.     Heights  of  mountains  in  Cqlorado.     (R.  1862) 160 

Engineers,  Civil,  London  Institution  of.     Prize  questions.     (R.  1862) 150 

England — 

abbreviations  used  in— W.  De  La  Rue.     (R.  1867) 216 

free  freights  between  the  United  States  and^B.  Cunard.     (R.  1859) 110 

Salisbury,  notice  of  Blackmore  Museum  at.     (R.  1868) —  224 

English  and  French  weights  and  measures — See  Tables. 

English  vocabulary  with  comparative  words  in  Spanish,  French,  and  Latin 170 

Engravings — 

of  shells,  electrotypes  of,  granted  by  British  Museum.     (R.  1868) 187 

on  the  face  of  rocks  in  the  Sierra  Nevada— J.  G.  Bruff.     (R.  1872)  —  271 

presented  to  Smithsonian  Institution,  catalogue  of— C.  B.  King.  (R.  1861.)  149 

Entomologists,  circular  to 178 

Entomologists,  instructions  to : . 261 

Eocene  and  oligocene  invertebrate  fossils  of  North  America,  check-list  of — T. 

A.  Conrad 200 

BoFF,  J.    Habits  of  black  bass  of  the  Ohio.     (R.  1854) 75 

Ephemeris  of  the  planet  Neptune,  1848-1852 — S.  C.  Walker 4,  5,  6,  7,  24 
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Epinephelue  nigritus  of  the  southern  coast,  note  upon — G.  B.  Goobe  j  T.  H. 

Bbax.     (P.  1878) 382 

Equilibrium  of  a  liquid  mass  withdrawn  from  the  action  of  gravity — See  J. 
Plateau. 

Equinoxes,  precession  of  the— J.  G.  Barkard— 240 

Equinoxes,  precession  of  the — J.  N.  Stockwell «^.— 282 

Equivalents,  chemical,  of  sixty- three  elements,  table  of.     (R.  1864) 188 

Ernst,  G.  A.     Meteorology  of  Caracas,  South  America.     (B.  1867) 216 

Erosions  of  the  earth's  surface  by  rivers,  etc. — E.  Hitchcock 90 

Eruption  of  volcano  in  Nicaragua— A.  B.  Dickinson.     (R.  1867) 216 

Eruption  of  volcano  of  Colima— C.  Sartoriits.     (R.  1869) 228 

Eryontidae,  notice  of  recent— S.  I.  Smith.     (P.  1879) 881 

Ebpt,  J.  P.,  notice  of,  by  A.  D.  Bachb.     (R.  1859) 110 

BsPT,  J.  P.     On  meteorology.     (R.  1847) H 

Essay  on  geographical  distribution  of  batrachia  and  reptilia — E.  D.  Cops 292 

Essay  on  velocity  of  light— C.  Dblaunay.     (R.  1864) 188, 354 

Establishment  and  officers  of  the  Smithsonian  Institution  and  National  Museum.  449 
Establishment  of  the  Smithsonian  Institution,  Journal  and  By-Laws  of.    (B. 

1858) 67,829 

EsTES,  L.  0.    Antiquities  of  Minnesota,  Mississippi  river,  and  Lake  Pepin. 

(R.  1866) _ 214 

Estimate  of  population  of  the  world— E.  Matllt.     (R.  1878) 276 

Etheostomatidss,  notes  on — D.  S.  Jordan 806 

Ethmocardium,  note  on— 0.  A.  White.     (P.  1879) 881 

Ethnographical — 

collections— T.  Lyman.     (R.  1862) 150 

collections — H.  de  Schlagintweit.    (R.  1862) 180 

collections,  the  Schlagintweit — H.  Zisoenbals.     (R.  1867) 216 

Ethnological — 

collections  of  museum  at  Lausanne,  report  on — P.  Troyon.     (R.  1861).    149 

department  of  the  French  Exposition,  1867.     (R.  1867) 1 215 

map  of  North  America,  suggestions  relative  to — L.  H.  Morqan.    (R.  1861)    149 

map  of  the  United  States— G.  Gibbs.     (R.  1862) ISO 

memoir  of  Squier  and  Davis,  correspondence  relative  to  acceptance  of, 

for  publication K 

museum  of  Norway— L.  K.  Daa.     (R.  1862) 150 

research— E.  H.  Davis.     (R.  1866) 214 

specimens  presented  by  University  of  Ohristiania,  Norway.    (R.  1868)..    187 

suggestions  for  Russian  America — G.  Gibbs — 207 

Ethnology  and  archssology,  circular  relative  to  collections  in 205 

Ethnology  and  philology,  instructions  for — G.  Gibbs 160 

Ethnology,  articles  on.     (R.  1867-1870-1877, 1879,  1880)  215,  244,  249,  271,  275,  286, 

298,  299,  828,  846.  442 
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Leipsic  Museum  of— O.  T.  Mason.     (R.  1878) 276 
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of  Colonia  Tovar,  Venezuela,  South  America — A.  Fkndleb.     (R.  1867)  107 
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present  state  of,  in  relation  to  form  of  human  skull — A.  Retzius.     (R. 

1869) _ 110 

Ethnology,  Bureau  of— 

catalogue  of  linguistic  manuscripts  in  lihrary  of— J.  C.  Filling.     (B. 

1879-80) 476 

directory  of  officers  and  employes  of 466 

first  annual  report  of— J-.  W.  Powell  ,— 476 
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(P.  1878)  - L 832 

Eulachon  or  candle  fish  of  northwest  coast— J.  G.  Swan.     (P.  1880) 426 

Eulogy  on — 
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A.  D.  Bache,  by  J.  Henry.     (R.  1870)  ._ -  244,  379 
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of  aboriginal  remains  of  Tennessee — J.  Jones 259 

of  the  Nile— C.  Hale.     (R.  1866) : 20& 

of  western  Missouri  in  1864— P.  R.  Hoy.     (R.  1864) 188 

of  John  Xantus  in  Mexico — M.  Romero.     (R.  1862) 160 

on  western  coast  of  North  America— W.  H.  Dall.     (R.  1878) 275 

reports  on— S.  F.  Baird.     (R.  1861-1866,  1876-1877)..  51,  67,  75,  77,  91, 107, 
109,  110,  147,  149,  160,  187,  188,  209,  214,  298,  299,  828 

scientific,  in  America,  in  1862— S.  P.  Baird.     (R.  1862) — 57 

scientific,  in  Mexico.     (R.  1864) 188 

Exploring  expedition  under  Capt.  C.  Wilkes,  duplicate  shells  collected  by  the.  19^ 

Explosibility  of  coal  oils— Z.  Allen.     (R.  1861) U9 

Explosiveness  of  nitre — R.  Hare — ,— , 17 

Exposition  of  harmonies  in  the  solar  system — S.  Alexander 280 

Exposition — See  Prehch. 

Expression  for  anthropological  inquiry,  queries  about — 0.  Darwin.     (B.  1867)  216 

External  appearance  of  the  sun's  disk.     (R.  1866) 214 

Extinct — 

mammalia  and  chelonia  of  Nebraska — J.  Leidy 5ft 

reptiles — J.  Leidy 192 

sloth  tribe  of  North  America^ — J.  Leidy 72 

species  of  American  ox — J.  Leidy _-  41 

Eye,  bibliography  of  diseases  of  the— W.  W.  Keen 809 
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Pacts  respecting  Liberia  College— A.  Obummell.    (R.  1861) 14^ 

Fahrenheit's  scale,  tables  for  conversion  of  centigrade  degrees  to.     (R.  1868)  ..  187 

Families — 

of  fishes,  arrangement  of— T.  Gill „ 247 

of  mammals,  arrangement  of— T.  Gill 230 

of  mollusks,  arrangement  of— T.  Gill 227 

Family,  human,  systems  of  consanguinity  and  affinity  of— L.  H.  Morgan..  188,  218 

Fanning  Islands,  natural  history  of— T.  H.  Stbkbts 808 

Faraday,  M.,  his  life  and  works— A.  A.  Dk  La  Rivb.     (R.  1867) 216 

Farlow,  W.  G.— 

Algffl  of  Arctic  America 342 

Algae  of  Kerguelen  Island 294 

Recent  progress  in  boteny,  1879,  1880.     (R.  1880) 442,  430 

Report  on  water  from  Gulf  of  Mexico.     (P.  1881) —  467 

Farming  and  gardening,  natural  history  as  applied  to— J.  G.  Morris.     (R.  1855.)  77 

Faroe  Isles,  vegetable  colonization  of— C.  Martins.     (R.  1858) 10^ 

Farquharson,  R.  J.    Study  of  skull  and  long  bones  from  mound  in  Illinois. 

(R.  1874) 286 

Fauna — 

and  flora  within  living  animals — J.  Leidy 44 

littoral  marine,  of  Provincetown,  Mass.— R.  Rathbun.     (P.  1880) 425 

of  middle  Europe  during  the  stone  age — L.  Rutimeyeb.     (R.  1861) 149 

of  Nebraska,  ancient — J.  Leidy 58 

Favbb,  a.     Report  on  transactions  of  Geneva  Society  of  Physics  and  Natural 

History,  July,  1876,  to  June,  1877.     (R.  1877) 328 

Favre,  E.     Biographical  notice  of  Louis  Agassiz.     (R.  1878) 841 

Feeling,  sense  of.     (R.  1865) 20» 

Fbilneb,  J.     Explorations  in  upper  California  in  1860.     (R.  1864) 188 

Feldspar,  determination  of,  in  thin  sections  of  rocks — G.  W.  Hawes.  (P.  1881)  467 

Felton,  C.  C,  eulogy  on,  by  T.  D.  Woolsey.     (R.  1861) — 149 

F ELTON,  C.  C— 

Notice  of  Washington  Irving.     (R.  1859) 110 

Notice  of  W.  W.  Turner.     (R.  1869) 110 

Report  on  Prof.  Henry  and  the  telegraph.     (R.  1857) 107 

Fendler,  A.,  botanical  explorations  by,  in  New  Mexico  and  California — A. 

Gray.     (R.  1849) 21 

Fendler,  A. — 

Meteorology  and  ethnology  of  Colonia  Tovar,  Venezuela.     (R.  1857) 107 

Meteorology  of  Colonia  Tovar.     (R.  1866) 214 

Temperature  of  St.  Louis,  Missouri.     (R.  1860) 147 
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Ferns,  acknowledgment  for — G.  Msttekitts.     (B.  1862) 160 

Febrel,  W.    Converging  series  expressing  ratio  between  diameter  and  cir- 
cumference of  a  circle 233 

Feebel,  W.     Reply  to  the  criticisms  of  Dr.  J.  Hann.    (R.  1877) 828,  898 

Ferrel,  W.,  theories  of,  as  to  relation  between  difference  of  pressure  and  velocity 

of  wind-J.  Hann.     (R.  1877) 828,  898 

Fever— 

a  study  in  morbid  and  normal  physiology — H.  0.  Wood 35? 

researches  on—H.  0.  Wood.    (R.  1878) 841 

study  of  the  nature  and  mechanism  of.    Toner  lecture  No.  iv — ^H.  C. 

Wood 282 

Fevers,  surgical  complications  and  sequels  of.    Toner  lecture  No.  y — W.  W. 

Keen • 300 

FiALHO,  A.     Biographical  sketch  of  Dom  Pedro  II.     (R.  1876) 299 

FiOANiBBRE,  M.    Account  of  remarkable  accumulation  of  bats.     (R.  1868)  ..  187 

Figure  of  the  earth—ST.  M.  Mebino.     (R.  1863) 187 

Figures  of  equilibrium  of  a  liquid  mass  withdrawn  from  the  action  of  gravity — 
See  Plateau. 

Figures,  series  of,  for  labels 164 

Filices  of  Kerguelen  Island — A.  Qbay 294 

Finances  of  the  Institution,  1846-1877 329 

Finch,  Fladgats,  and  Olabke.    Residuary  legacy  of  Smithson.    (R.  1861.)  149,  828 

FiNCK,  H.     Antiquities  in  the  State  of  Vera  Oruz,  Mexico.     (R.  1870) 244 

Fire  at  Smithsonian,  January,  1865,  report  of  Committee  of  Regents  relative 

to— R.  Wallach;  J.  Henby.     (R.  1864) 188 

Fire,  Indian  mode  of  obtaining— G.  Obook.     (R.  1871) 249 

Fire-alarm  telegraph,  American,  lecture  on— W.  F.  Channino.     (R.  1864)  ._.  75 

Fire  ball,  meteoric,  orbit  and  phenomena  of— J.  H.  Coffin ««. 221 

Fire-proofing  buildings,  architecture  in  relation  to— D.  B.  Reid.     (R.  1856)  —  91 

First  decade  of  United  States  Fish  Commission— Q.  6.  €K>ode.     (R.  1880) 442 

FiscHEB,  F.    Scientific  labors  of  Edward  Lartet.     (R.  1872) 271 

Fish  Commission — 

account  of  work  of— S.  F.  Baibd.     (R.  1880) L 442 

catalogue  of  exhibit  of,  at  Centennial,  1876 — G.  B.  Goode 326 

directory  of  officers  and  employes  of 466 

exhibit  by,  at  Berlin  Fisheries  Exhibition- G.  B.  Goode 413 

experiments  on  animal  heat  in  fishes,  made  in  connection  with — J.  H. 

KiDDEB.     (P.  1879) -.  388 

first  decade  of— G.  B.  Goode.     (R.  1880) 442 

list  of  marine  invertebrata  from  New  England  coast  distributed  by — 

A.  B.  Vebbill;  R.  Rathbun.     (P.  1879) 888 

mollusca  collected  by— A.  B.  Vebbill.     (P.  1880) 426 

notice  of  Crustacea  dredged  by,  off  south  coast  of  New  England — S.  I. 

Smith.    (P.  1880) 426 
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PUh— 

analyeis  of  water  destructive  to,  in  Gulf  of  Mexico^F.  M.  Endlich. 

(P.  1881) 467 

candle,  of  northwest  coast— J.  G.  Swan.     (P.  1880) _ 426 

dates  of  first  appearance  of— P.  B.  Hough 182 

description  of  new  species  of,  {Apogon pandionis) — G.  B.  Goods;  T.  H. 

Beak.    (P.  1881)  .  _ -—    467 

destruction  of,  by  poisonous  water  in  Gulf  of  Mexico — J.  Y.  Portsb. 

(P.  1881) 467 

destruction  of,  by  polluted  waters  in  Gulf  of  Mexico — W.  C.  W.  Gla- 
zier.    (P.  1881) 467 

directions  for  collecting  and  preserving — T.  H.  Bban 464 

fresh,  circular  on  shipping— S.  P.  Baird ——  384 

from  deep-sea  fauna  of  western  Atlantic,  description  of  new  species  of, 

{AUpocephaluB Bairdii)--Qt.  B.  Goods;  T.  H.  Bean.     (P.  1879)...    838 

mortality  of,  in  Gulf  of  Mexico— E.  Ingbrsoll.     (P.  1881)  — 467 

mortality  of,  in  Gulf  of  Mexico— M.  A.  Moore.     (P.  1881) 467 

new,  from  Alaska,  with  notes  on  genus  Anarrhiehas — T.  H.  Bean.     (P. 

1879) 888 

new,  (LopholatiltM  chamceleonticepaj)  from  south  of  New  England — G.  B. 

Goode;  T.  H.  Bean.     (P.  1879) —    888 

new  gobioid,  {Othonopa  «o«,)  from  San  Diego,  Cal.— R.  Smith.  (P.  1881)    467 
new  serranoid,  {EpinepheluB  Drummond^Hayi,)  from   Bermudas   and 

Florida— G.  B.  Goods;  T.  H.  Bean.     (P.  1878) —    882 

new  sparoid,  (Sargua  Holbrookiii)  from  Savannah  Bank,  description  of— 

T.  H.  Bean.     (P.  1878) 882 

Pish-culture  of  United  States,  exhibit  of,  at  Berlin  Fisheries  Exhibition — 

G.  B.  Goods 418 

PiSHBR,  J.  G.    Acknowledgment  of  perennibranchiates.     (R.  1868) 187 

Pisheries— 

of  United  States,  catalogue  of  collection  to  illustrate,  at  Philadelphia — 

G.  B.  €k)0DE - 326 

of  United  States,  exhibit  of,  at  Berlin  Fisheries  Exhibition— G.  B.  Goods.  413 

Pisheries  Exhibition,  Berlin,  additions  to  Museum  from.     (R.  1880) 442 

Pishes — 

Alaskan,  catalogue  of— T.  H.  Bean.     (P.  1881) 467 

American,  in  British  Museum  and  Museum  d'Histoire  Naturelle,  Paris, 

notes  on  typical— D.  S.  Jordan.    (P.  1879) 383 

arrangement  of  families  of— T.  Gill 247 

bibliography  of— T.  Gill— 247 

check-list  of  duplicates  of,  distributed  by  Smithsonian  Institution — ^T.  H. 

Bean.    (P.  1880) 426 

collected  by  H.  £.  Nichols  in  British  Columbia  and  Alaska,  notes  on — 

T.  H.  Bean.    (P.  1881) _ 467 
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cottoids,  monograph  of  the— C.  Girard 30 

description  of  new  species  of  North  American — ^D.  S.  Jordan.     ( P.  1879. )  83S 
descriptions  of  and  notes  on— See  D.  8.  Jordan  ;  C.  H.  Gilbkrt. 
descriptions  of  deep-sea  species  from  New  England,  diagnoses  of  two  un- 
described  genera  of  flounders  and  genus  related  to  MerUteuu — G.  B. 

GooDE.     (P.  1880)— 425 

descriptions  of  new  species  of,  ( Uranidea  marpinata,  Potamoeottus  BemU- 

reij)  and  of  Myctophum  erenulare—T.  H.  Bean.    (P.  1881) 4<57 

directions  for  collecting  and  preserving — T.  H.  Beajt.     (P.  1881) 467 

European,  in  National  Museum,  list  of— T.  H.  Beak.     (P.  1879) 838 

experiments  upon  animal  heat  of — J.  H.  Kidder.     (P.  1879) 88S 

from  deep  waters  on  south  coast  of  New  England,  obtained  by  Fish  Com- 
mission in  1880— G.  B.  Goode.     (P.  1880) 425 

from  eastern  Georgia,  notes  on— T.  BL  Bean.     (P.  1879) 3«S 

from  eastern  Mississippi,  collection  of— O.  P.  Hay.     (P.  1880) 425 

from  Hudson's  Bay,  notes  on— T.  H.  Bean.     (P.  1881) 467 

from  Utah  Lake,  notes  on  a  collection  of^D.  S.  Jordan  j  C.  H.  Gil- 
bert.    (P.  1880) — 425 

mortality  of,  in  Gulf  of  Mexico— J.  P.  Jefferson.     (P.  1878) 332 

mortality  of,  in  vicinity  of  Tortugas — J.  P.  Jefferson;  J.  Y.  Porter; 

T.  Moore.    (P.  1878) 882 

new  genus  of,  (Benthode8mu8)—G.  B.  Goode;  T.  H.  Bean.     (P.  1881.)  467 

new  genus  of,  {Delolepi8)—T.  H.  Bean.     (P.  1881) _ —  467 

North  American,  check-list  of  duplicates  distributed  by  Smithsonian — 

T.  H.  Bean.     (P.  1880) .- - _  425 

North  American,  review  of  Rafinesque's  memoirs  on — D.  S.  Jordan 805 

notes  on— D.  S.  Jordan 805,  306,  808 

notes  on  collection  of,  from  Clackamas  river,  Oregon — D.  S.  Jordan. 

(P.  1878) -  332 

of  Alaska,  some  genera  and  species  of— T.  H.  Bean.     (P.  1879) 383 

of  Alaska  and  Siberia,  descriptions  of  new— T.  H.  Bean.     (P.  1881) 467 

of  Alleghany  region  of  South  Carolina,  Georgia,  and  Tennessee,  distribu- 
tion of— D.  S.  Jordan;  A.  W.  Brayton 808 

of  Arctic  America — T.  H.  Bean 342 

of  Beaufort  Harbor,  North  Carolina,  notes  on — D.  S.  Jordan  ;  C.  H. 

Gilbert.    (P.  1878) 832 

of  Bermuda,  catalogue  of— G.  B.  Goods 296 

of  Bermuda  mistakenly  described  as  new  by  Giinther — G.  B.  Goode. 

(P.  1878) 332 

of  California— T.  H.  Streets _ 303 

of  California,  descriptions  of  new  genera  and  species  of— W.  N.  Lock- 

INOTON.     (P.  1879) 333 

of  east  coast  of  North  America,  catalogue  of— T.  Gill 288 
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of  Panning  Islands— T.  H.  Stbbxts 308 

.of  Florida,  description  of  new  species  of,  (Seriola  Sieamsii) — G.  B.  Goods. 

(P.  1879)  .- ._ 888 

of  Plorida,  preliminary  catalogue  of,  with  new  genus  and  three  new 

species—G.  B.  Gk)0DB.     (P.  1879) 888 

of  Gulf  of  Mexico,  collected  by  J.  W.  Velie,  catalogue  of  and  descrip- 
tion of  seven  new  species—G.  B.  Goode  ;  T.  H.  Beak.    (P.  1879)..  888 

of  Hawaiian  Islands— T.  H.  Streets 808 

of  Kerguelen  Island—T.  Gill 294 

of  Mexico,  descriptions  of  two  species  of,  collected  by  Dugds — T.  H. 

Bean.     (P.  1879) 888 

of  Mexico,  notes  on  Dugds  collection  of— D.  S.  Jordan.     (P.  1879) 888 

of  New  York— T.  Gill.     (R.  1856) _  91 

of  Pacific  coast  of  United  States,  bibliography  of— T.  Gill 468 

of  Pacific  coast  and  Alaska,  bibliography  of— T.  H.  Bean.     (P.  1881)—  467 
of  Pacific  coast,  check-list  of  duplicates  of,  distributed  by  Smithsonian 

Institution  in  1881— D.  S.  Jordan;  P.  L.  Jouy.     (P.  1881) 467 

of  Pacific  coast,  notes  on— D.  S.  Jordan  ;  C.  H.  Gilbert.     (P.  1881)—  467 
of  Pacific  coast  of  United  States,  list  of— D.  S.  Jordan  ;  0.  H.  Gilbert. 

(P.  1880) 425 

of  Pensacola,  Florida,  catalogue  of  Steam's  collection  and  description  of 

new  species—G.  B.  Goode;  T.  H.  Bean.    (P.  1879) 883 

of  St.  John^s  river— G.  B.  Goode.     (P.  1879) 883 

of  Samoan  Islands— T.  H.  Streets 808 

on  coast  of  New  Jersey  and  Long  Island — S.  F.  Baird.     (R.  1854)..  75,  348 
pediculate,  of  eastern  coast  of  extratropical  North  America,  synopsis  of — 

T.  Gill.     (P.  1878) ..- 882 

Potamocottus  Bendirei,  description  of— T.  H.  Bean.     (P.  1881) 467 

*    trunk,  Ostraciontidcef  a  study  of,  with  notes  on  American  species — G.  B. 

Goode.    (P.  1879) .- 888 

Uranidea  marginata^  description  of— T.  H.  Beak.     (P.  1881) 467 

Fishes,  food— 5^  G.  B.  Goode,  T.  H.  Bean,  D.  S.  Jordan,  S.  Stearns,  F.  Stein- 
dachner,  S.  Wilraot. 

Fishes,  food- 
circular  relative  to— S.  F.  Baird 284 

memoranda  of  inquiry  relative  to— S.  F.  Baird  1 231 

questions  relative  to— S.  F.  Baird 234 

Fishkill,  New  York,  deposit  of  arrow-heads  near— E.  M.  Shepard.     (R.  1877.)  823 

Pissirostres,  oology  of— T.  M.  Brewer 89 

Flachenecker,  G.     Indian  languages.     (R.  1862) 150 
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of  Washington  and  vicinity — L.  F.  Wabd 444 

Florida — 

antiquities  of— J.  Babtbam.     (B.  1874) 286 
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Memoir  of  Geoffroy  Saint-Hilaire.     (R.  1861) —  149 

Memoir  of  Louis  Jacques  Thenard.     (R.  1862) 160 
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Fluctuations  of  level  in  North  American  lakes— C.  Whittlkset .'—  119 

Fluids,  elastic,  electricity  in— A.  A.  Dk  La  Rive.     (R.  1868) 187 

Fly-catcher  from  Sandwich  Islands,  description  of  a  new— R.  Ridgway.     (P. 

1881) 467 

Fog,  the  wind  and— J.  Balfour.     (R.  1866) _ ., 214 

FoLSOM,  C.     Report  on  Jewett's  general  stereotype  catalogue  of  puhlic  libraries.      47 
Food,  relation  of,  to  work,  and  its  bearings  on  medical  practice— 8.  Hauohtok. 

(R.  1870) 244 

Food  collections,  provisional  classification  of— G.  B.  Goods 455 

Food-fishes,  inquiry  relative  to— S.  P.  Baibd 231 

Food-fishes,  questions  relative  to— S.  P.  Baird 234 

Force,  thoughts  on  the  nature  and  origin  of— W.  B.  Taylor.    (R.  1870)—  244,  375 

Force,  P.    Record  of  auroral  phenomena  in  high  northern  latitudes 84 
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gold  and  silver  coins,  table  of.     (R.  1868) 224 
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Foreman,  E.     Report  on  meteorological  system.     (R.  1852) 57 
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of  clouds  over  Gulf  Stream— H.  M.  Bankistsr.    (R.  1866) 214 

of  ice  at  bottom  of  water — M.  Enqblhardt.     (R.  1866) 214 

of  precipitation— J.  Hank.     (R.  1877) 823,  898 
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Forts  and  dwellings,  Indian,  in  Indian  Territory — W.  E.  Doyle.     (R.  1876)—  299 
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gasteropod,  from  Mexico,  description  of— C.  A.  White.     (P.  1880) 425 

mollusks  from  later  tertiaries  of  California- W.  H.  Dall.     (P.  1878)—  832 

ox — J.  Leidy 41 

plants  from  China,  description  of — J.  S.  Newberry 202 

Fossils — 

carboniferous  invertebrate,  description  of  new  species  of— C.  A.  White. 

catalogue  of  rocks,  minerals,  ores,  and — J.  Locke.     (R.  1854) 75 

cretaceous,  from  Arkansas  and  Colorado — C.  A.  White.     (P.  1881) 467 

cretaceous  invertebrate,  from   Kansas  and  Texas,  description  of  now — 
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invertebrate,  from  Arkansas,  Wyoming,  Colorado,  Utah — C.  A.  White. 
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invertebrate,  of  North  America,  check-list  of — T.  A.  Conrad 200 

invertebrate,  of  North  America,  check-list  of— F.  B.  Meek 177, 183 

invertebrate,  of  North  America,  cretaceous  and  Jurassic — F.  B.  Meek..  177 
invertebrate,  of  North  America,  eocene  and  oligocene — T.  A.  Conrad—  200 

invertebrate,  of  North  America,  miocene — F.  B.  Meek 183 

postpliocene,  in  coast  range  of  California— W.  H.  Dall.     (P.  1878) 332 

tertiary,  distribution  of  Californian— W.  H.  Dall.     (P.  1878) 332 
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FosTXB,  J.  "W.     Oatalogue  of  rocks,  minerals,  etc.    (R.  1854) 76 

Pourier,  J.,  eulogy  on,  by  P.  Araoo.     (R.  1871) 249 

FouBiKB,  J.    Memoir  of  Delambre.     (R.  1864) — 188 

PowLEB,  J.    Shell-heaps  of  New  Brunswick.     (R.  1870) 244 

Pox,  (yacht,)  meteorological  observations  in  Arctic  Seas  made  on — P.    L. 

McClintock 146 

Poz,  (yacht,)  record  of  voyage  of,  in  Arctic  regions — P.  L.  MoOliktock 146 

Prance,  Emperor  of,  report  to,  by  Minister  of  Public  Instruction,  on  scientific 

expedition  to  Mexico.     (R.  1864) 188 

Prance^iSse  Paris,  Prize  questions. 

Franklin,  Sir  John,  expedition  in  search  of— See  Kane. 

Free  freight  between  Germany  and  the  United  States  by  North  German  Lloyd — 

B.  SCHLKIDKN.     (R.  1868) 109 

Free  freight  between  United  States  and  England— E.  Cukabd.     (R.  1869) 110 

Free  freight  between  United  States  and  Germany — Kttnhabdt  &  Co.  (R.  1861)  149 

Fb6momt,  J.  C,  description  of  plants  collected  by— J.  Torbky —  46 

Fr^montiante,  plant*— J.  Tobbet : 46 

French— 

Exposition  of  1867,  ethnological  department  of  the.     (R.  1867) 216 

half-breeds  of  the  northwest— V.  Havabd.    (R.  1879) 846 

Ins^tute,  history  of— M.  Pl^xtbkns.     (R.  1862) 150 

Society  of  Archseology,  Archseological  Congress  organized  by.     (R.  1866)  214 

vocabulary  with  comparative  words  in  English,  Spanish,  and  Latin 170 

weights  and  measures — See  Tables. 

Fresh  fish  and  other  animals,  circular  relative  to  shipping — -^- —  384 

Fresh-water — 

algffiof  North  America— H.  C.  Wood 241 

glacial  drift  of  north-western  States — C.  Whittlesbt 197 

in  the  ocean— W.  C.  Dennis.     (R.  1866) 214 

shells — See  Shells. 

Fribdlandbb,  J.     Plan  of  a  bibliography,    (R.  1868) 109 

Pbibl,  J.     Antiquities  of  Hancock  county,  Kentucky.     (R.  1877) — 828 

Friends  of  the  Museum,  circular  addressed  to — S.  P.  Baibd.     (P.  1881)..  467,  446 
Frigate  mackerel  (Auxis  Rochei)  on  New  England  coast — G.  B.  Goode.     (P. 

Froebel,  J.     Physical  geography  of  North  American  Continent.     (R.  1864.)  76 

Frost,  disintegrating  effects  of,  on  building  stones — C.  G.  Page 829 

Fruits,  dates  of  ripening  of— P.  B.  Houoh 182 

Fuca,  Straits  of,  Indians  of— See  J.  G.  Swan. 
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Fundy,  Bay  of,  synopsis  of  marine  invertebrata  of— W.  Stimpbok 60 

Fnneral  of  J.  Henry 366 

Future  of  geology— J.  Pbbstwich.     (R.  1876) 298 

Future  of  the  human  race— A.  De  Oandolls.     (R.  1876) 296 
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Gadus  cimbrius,  identity  of,  with  Rhinonemtis  eaudaeuia — G-.  B.  Goodk  ;  T.  H. 

Bean.     (P.  1878) — W2 

Gaines,  A.  8. ;  Cunningham,  K.  M.    Shell-heaps  on  Mobile  river,  Alabama. 

(R.  1877)  . — - - 8M 

Gale,  L.  D.,  statement  of,  on  telegraph.     (R.  1857) 107 

Qaleorhinus  galeua— D.  S.  Jordan;  C.  fl.  Gilbert.     (P.  1880) 426 

Gales  of  wind  and  appearance  of  aurora,  connection  of— R.  T.  Knight;  J. 

Henry.     (R.  1871) 249 

Gallatin,  A.    Comparative  vocabulary 160 

Gallatin,  A.    On  publication  of  Squier  and  Davis'  work.     (R.  1847) H,  K 
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Galt,  F.  L.     Indians  of  Peru.     (R.  1877) S28 

Galvanism,  recent  progress  in.    J.  Muller.     (R.  1855) 77 

Galvanometer,  use  of,  as  a  measuring  instrument — J.  C.  Poggekdort.     ( R. 

1859) 110 

Gangrene,  bibliography  of— W.  W.  Keen 800 

Gardening,  natural  history  as  applied  to  farming  and — J.  G.  Morris.     (R. 

1855) — - 77 
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Disappearance  of  ice.     (R.  1860) 147 

Opening  and  closing  of  Kennebec  Hver,  Maine.     (R.  1868) 109 

Gardner,  W.  H.     Indians  of  valley  of  Red  river  of  the  North.     (R.  1870)  —  244 
Garfield,  J.  A.     Biographical  notice  gf  S.  P.  Chase  and  L.  Agassiz.     (R. 

1878) 275,829 

Garfield,  J.  A.     Memorial  address  on  J.  Henry 866 

GaRRE,  H.     Birds  of  Heligoland.     (P.  1879) 838 

Garman,  S.     American -RAtno6a<tdcB»  synopsis  and  description  of.     (P.  1880)—  426 

Gas,  hydrogen,  as  metal  and — J.  E.  Reynolds.     (R.  1870) 244 

Gasteropod,  large  fossil  from  Puebla,  Mexico— C.  A.  White.     (P.  1880) 426 

Gasterosteus,  description   of  new  species  of,  from  Schoodic  Lakes,  Maine — 

T.  H.  Bean.     (P.  1879) 336 
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Oatschst,  a.  S. — 

Klamath  lake  Indian  conjurer's  practice.     (B.  1879-80)  -. 476 

"  The  relapse  "  in  Klamath  lake  dialect.     (B.  1879-80)-— 476 

Gauge,  snow— W.  E.  Guest.    (R.  1868) 109 

Gauges,  rain  and  snow — R.  H.  Gardiner.     (R.  1868) 109 

Gautier,  Prof.     Researches  relative  to  nebuliB.     (R.  1868) 187 
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"     1868,        "        1864— Dr.  Chossat.     (R.  1865) 209 

"     1864,        "        1865— B.  Plantamour.     (R.  1865) 209 

"     1865,        "        1866— Dr.  GossE.     (R.  1866) _  214 

"     1867,        «        1868— E.  Wartmann.     (R.  1868) 224 

*♦     1868,        *'  .     1869— H.  0.  Lombard.     (R.  1869) 228 

"     1870,        "        1871— H.  De  Saussure.     (R.  1871) -.-  249 

«*     1872,        "        1878— A.  A.  De  La  Rive.     (R.  1874) 286 
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€^oographical  manuscripts,  catalogue  of  collection  of— L.  Berlandier.     (R. 

1854) 1 ..-,.. 75 

Geography — See  Physical  Geography. 

Geography  of  North  American  Continent— J.  Frobbbl.     (R.  1854) 75 

Geological — 

researches  in  China,  Mongolia,  and  Japan — R.  Pumpblly 202 

specimens,  catalogue  of— D.  D.  Owen.     (R.  1854) 1 75 

survey  in  Michigan,  catalogue  of  rocks,  minerals,  and  ores  collected  on — 

C.  T.  Jacb^on.     (R.  1854) -  75 

Geological  Survey,  directory  of  officers  and  employes  of .. 466 

G^eological  surveys — See  annual  reports ;  aUo  Hayden,  Powell,  Wheeler. 
Geology— 

and  history,  boundary  line  between — E.  Stncss.     (R.  1872) 271 

economic,  of  Trinidad,  report  on  survey  of— G.  P.  Wall  ;  J.  G.  Saw- 
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Geology — Continued. 
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past  and  future  of— J.  PRKSTWICH.    (R.  1876) 296 

progress  in,  in  1879, 1880^-G.  W.  Hawbs.     (R.  1880). 442, 428 

surface,  illustrations  of— B.  Hitchcock 90 
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ancient  mounds  in — M.  F.  Stevenson.    (R.  1870) 244 

Bartow  county,  mound  in — M.  P.  Stevenson.     (R.  1872) 271 
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GiBBES,  R.  W.     Memoir  on  Moaaaaurua  and  allied  new  genera,  Holcodus^  Cbno- 
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Ethnological  instructions 160 
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GiBBS,  G. — Continued. 

Intermixture  of  races.     (R.  1864) 188 

Language  of  aboriginal  Indians  of  America.     (R.  1870) 244 

Makah  Indians 220 

Philological  circular.     (R.  1862) — ^ 160 

Physical  atlas  of  North  America.     (R.  1866) 214 

Suggestions  for  scientific  investigations  in  Russian  America 207 
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Bibliography  of  mollusks 227 
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bank.     (P.  1878) - 882 

Description  of  CaulolatUus  microps  from  Gulf  coast  of  Florida.      (P. 
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Goods,  G.  B.  ;  Bsan,  T.  H.— Continued. 
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New  genus  of  fishes,  Benthodesmua.     (P.  1881) _ 467 

New  serranoid  fish,  Epinephelus  Drummond'Hayi^  from  Bermudas  and 
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(P.  1879) 333 

Grand  Manan,  marine  invertebrata  of— W.  Stimpson 50 

Grant,  E.  M.     Account  of  discovery  of  stone  image  in  Tennessee.     ( Ji.  1870.)  244 
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Memoir  of  John  Torrey.    (R.  1878) 276 
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observations  in — See  Kane. 

report  of  explorations  in— L.  Kumliek.     (R.  1878) 841 
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1878) 882 

Guanajuato,  notes  on  Dugds'  fishes  from— D.  S.  Jordan.     (P.  1879) 888 
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Guatemala — Oontinued. 
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habits  of  the  gopher  of— J.  B.  Parvin.     (R.  1864) 76 

Lawrence  county,  antiquities  of— A.  Pattok.     (R.  1878) 276 

Madison  county,  stone  cists  in,  near  Highland — A.  Oshleb.     (R.  1879.)  846 
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Mercer  county,  ancient  mounds  of— T.  MoWHORimB.     (R.  1874) 286 

Pike  county,  mounds  in — B.Mitchell.     (R.  1879) 846 

Rock  Blufl*,  description  of  human  skull  from — J.  A.  Meios.     (R.  186V.)  216 

Rock  Island,  shell-bea  skull  from— A.  S.  Tiffany.     (R.  1874) 286 

Rock  Island  county,  mounds  in— T.  Thompson.     (R.  1879) 846 
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Union  county,  mounds  in,  near  Anna — T.  M.  Perrine.     (R.  1872) 271 
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La  Porte  county,  antiquities  of— R.  S.  Robbbtson.     (R.  1874) 286 
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Cree,  system  of  relationship  of— B.  A.  Watkins.     (R.  1862) 150 

Dakota  or  Sioux,  language  of— F.  L.  O.  Roehbiq.     (R.  1871) 249 

Haidah,  of  Queen  Charlotte's  Islands,  British  Columbia — J.  G.  Swan..  267 

Kutchin  tribes— S.  Jones.     (R.  1866) 214,  365 

Loucheux— W.  L.  Habdisty.     (R.  1866) 214,  865 

Makah— J.  G.  Swan -  220 

mortuary  customs  of— H.  C.  Yabbow.     (B.  1879-80) 476 

mythology  of— J.  W.  Powell.     (E.  1879-80) . 476 
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(R.  1870) - — - - 244 

of  western  Nevada  and  California,  Centennial  mission  to— S.  Powkbs. 
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Tinneh  or  Cbepewyan,  of  British  and  Russian  America — Q.  Gibbb  and 

others.     (R.  1866) 214,365 

uses  of  brain  and  marrow  of  animals  by— T.  R.  Peals.     (R.  1870) 244 

Indians—See  California,  6ape  Flattery,  Oarib,  Dakota,  Haidah,  Nevada,  Kut- 
cbin,  Loucheux,  Makah,  Mandan,  Maya,  Navajo,  Peru,  Portraits,  Red 
River  of  the  North,  Shoshone,  Sioux,  Tinneh,  Tonto. 

Induction  and  deduction — J.  von  Libbio.     (R.  1870) 244 

Induction,  electricity  of,  in  clouds— F.  Zantsdesohi.     (R.  1870) 244 

Inflammation  in  arteries  after  ligature,  acupressure,  and  torsion.  Toner  lec- 
ture No.  Tii — B.  O.  Shakkspbare 321 

Influence  of  aurora  on  the  telegraph — W.  D.  Sabobnt.     (R.  1870) 244 

Influence  of  rain  upon  the  barometer — J.  Hann.     (R.  1877) 828,  89S 

Infusoria — J.  W.  Bailet 2S 

Infusorial  earths,  examination  of— A.  M.  EdWaeds 202 

Ingersoll,  B.     Fish  mortality  in  Gulf  of  Mexico.     (P.  1881) 467 

Inquiries  relative  to  crawfish  and  other  Crustacea 819 

Inquiries  relative  to  disease  known  as  chorea — S.  W.  Mitchell.     (R.  1874) ..    286 

Inquiry  relative  to  food-fishes  of  United  States— S.  F.  Baird 131 

Insect  instincts  and  transformations,  lecture  on— J.  G.  Morris.     (R.  1856) 77 

Insects — 

arsenic  acid  for  protecting  anatomical  preparations  from — J.  B.  S.  Jack- 
son.    (P.  1878) Ji 882 

circular  concerning  the  department  of — S.  F.  Baird 448 

classification  of,  from  embryological  data — L.  Aqassiz 16 

dates  of  first  appearance  of— F.  B.  Hough 182 

directions  for  collecting  and  preserving — A.  S.  Packard 261 

instructions  for  collecting— S.  F.  Baird.     (R.  1868) 1» 

of  Arctic  America — L.  Kumliek 842 

of  Kerguelen  Island— C.  R.  Osten  Sacken;  H.  A.  Hagen 294 

Installation  of  collections  in  National  Museum,  plans  for — G.  B.  Gk)ODB.     (P. 

1881) — 467,472 

Instincts  and  transformations  of  insects,  lecture  on — J.  G.  Morris.     (R.  1856)      77 
Institute  of  Bologna,  Academy  of  Sciences  of  the.     Prize  questions.     (R.  1862.)    160 

Institute  of  France,  historical  sketch  of,  by  M.  Flotjrkns.     (R.  1862) 150 

Institute  of  Rupert's  Land,  circular  of.     (R.  1861)  .* — 149 

Institute,  Royal  Scientific  and  Literary,  of  Lombardy.     Prize  questions.     ( R. 

1^65) 209 

Institution  of  Civil  Bugineers,  London.     Prize  questions.     (R.  1862) . 180 

Institutions — 

domestic,  in  correspondence  with  Smithsonian  Institution,  Kst  of.     (R. 

1868) — t.—  67,  69,  238 

foreign,  in  correspondence  with  Smithsonian  Institution,  list  of.     (R. 

1864;  R.  1865)  .— 188,  209,  64,  154,  225,  243,  309,  469 
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in  United  States  and  British  Provinces  of  North  America,  list  of— W.  J. 

Rhkbs ^. 116 

in  which  phonography  is  taught.     (R.  1866) 91 

scientific  and  literaryi  in  United  States,  list  of  principal ... 335 

Instructions — 

for  archflBological  investigations-— G.  Gibbs.     (B.  1861) 149 

for  collecting  coleoptera — J.  L.  Lk  OoyTK.     (B.  1868) 109 

for  collecting  diatomacea — A.  M.  Ebwabds 366 

for  collecting  diptera—H.  LoBW ;  B.  OsTSN  Sacken.     (R.  1868) 109 

for  collecting  hemiptera— P.  B.  Uhleb.     (B.  1868) 109 

for  collecting  hymenoptera — B.  Olemens.     (B.  1868) 109 

for  collecting  insects— S.  F.  Baird.     (R.  1868) 109 

for  collecting  land  and  fresh-water  shells — J.  Lewis 363 

for  collecting  lepidoptera — B.  Clemens.     (B.  1868) 109 

for  collecting  myriapods,  phalangidse,  etc. — H.  C.  Wood.     (B.  1866) 214 

for  collecting  nests  and  eggs  of  North  American  hirds.     (B.  1868) 189 

for  collecting  neuroptera— P.  B.  Uhler.     (B.  1868) 109 

for  collecting  orthoptera— P.  B.  Uhleb.     (B.  1868) 109 

for  observations  of  thunder  storms — J.  Henrt . 235 

for  research  relative  to  ethnology  and  philology  of  America — G.  Gibbs—  160 
in  reference  to  collecting  nests  and  eggs  of  North  American  birds — T.  M. 

Bbeweb 189 

to  Captain  Hall  for  Arctic  obsei vation — J.  Henry  and  others.    (B.  1871)    249 
to  observatories  relative  to  telegraphic  announcement  of  astronomical 

discoveries— J.  Hekbt 263 

Instruments,  meteorological,  ^ 

articles  on,  in  Smithsonian.     (B.  1874) 286 

description  of— L.  Oasella.    (B.  1869) 110 

description  of— A.  Gutot;  J,  Henry.     (R.  1866) 77, 19, 148 

Integrals,  general,  of  planetary  motion — S.  Newoomb 281 

Intensity  of  heat  and  light  of  the  sun^L.  W.  Meech.     (B.  1866) ,.    91,  83 

Interest,  letter  to  Secretary  of  Treasury  on  payment  of,  in  coin — J.  Henry. 

(B.  1866) I. 209 

Intermixture  of  races— G.  Gibbs.     (B.  1864) 188 

Internal  structure  of  the  earth — J.  G.  Barnard 31D 

International  Archssological  Congress,  Antwerp,  1866.     (R.  1866) 214 

International  code  of  symbols  of  archsBology — G.  De  Mortillet  ;  E.  Chantre. 

(R.  1876) 298 

International  exchange,  report  on — G.  H.  Boehmer 477 

International  Exhibition,  Philadelphia — See  Centennial. 

International  Fisheries  Exhibition,  Berlin,  catalogue  of  United  States  exhibit 

at— G.  B.  Qoodk 413 
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history  of  discovery  of^B.  A.  Gould 18 

investigation  of  orbit  of,  with  tables  of  its  motion — S.  Nbwoomb 199 

researches  relative  to — S.  C.  Walker 3 
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Nests— 

and  eggs  of  American  birds,  instructions  for  collecting — 8.  F.  Baird. 
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marine  invertebrates  from,  distributed  by  U.  S.  National  Museum — R. 
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lakes  of,  fluctuations  of  level  of— C.  Whittlesey 119 

lepidoptera  of,  catalogue  of — J.  G.  Morris «»,-, , 118 

lepidoptera  of,  synopsis  of — J.  G.  Morris 133 

libraries,  public,  in,  list  of^W.  J.  Rhees 116 

mammals  of,  catalogue  of— S.  P.  Baibd 105 

map  of,  ethnological,  suggestions  relative  to— L.  H.  Morgan.    (R.  1861.)     149 

meteorological  stations  and  observers  in.     (R.  1868) 224,  373 

mollusks  of  western — P.  P.  Carpenter — .  252 

myriapods  of,  belonging  to  family  LysiopetalidcB — J.  A.  Ryder.     (P. 

1880) 425 

neuroptera  of,  synopsis  of — H.  Haoen 134 

ortboptera  of,  catalogue  of— S.  H  Scuddeb —  189 

rain  and  snow  fall  of,  tables  of— C.  A.  Schott 222,  353 

reptiles  of,  catalogue  of— S.  F.  Baird;  C.  Girard 49 

shells  of,  catalogue  of— I.  Lea  ;  P.  P.  Carpenter  ;  W.  Stimpson  ;  W. 

G.  Binnby;  T.  Prime 128 

shells  of,  circular  in  reference  to  collecting —  176 

shells  of,  land  and  fresh-water.    Parts  i-iv— W.  G.  Binney  ;  T.  Blanp. 

143,  144,  194,  253 

silurida  of,  synopsis  of— D.  S.  Jordan 806 

stone  implemente  of— C.  Rau.     (R.  1872) 271,  382 

Korth  American — 

archsBolpgy— J.  Lubbock.     (R.  1862).. 150 

birds,  catalogue  of— S.  P.  Baird 108 
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birds,  catalogue  of— R.  Ridoway.     (P.  1880) 426, 422 

birds,  desiderata  among— R.  RiDOWAT.     (P.  1881) 467 

Continent,  physical  geography  of— J.  Fboebbl.     (R.  1864) 76 

fishes,  duplicates  of,  distributed  by  Smithsonian  Institution— T.  H.  Bkah. 

(P.  1880) 426 

Indians,  catalogue  of  portraits  of— J.  M.  Stanley 53 

Indians,  list  of  photographic  portraits  of 1 -„ 216 

stone  implements— C.  Bau.     (R.  1872) 1 271,382 

stone  [>eriod,  agricultural  implements  of— C.  Rau.    (R.  1808) 187, 382 

tortoises,  land,  of  genus  Xerobatea-^'F,  W.  Truk.     (P.  1881) 467 

North  American  Ichthyology,  contributions  to— 

Part     I.  Review  Raflnesque's  memoirs — D.  S.  Jordan 305 

Part   II.  il.  Notes  on  Cb^wfa,  (etc.)    B.  Synopsis  SUuridcs — D.  8. 

Jordan . 1 306 

Part  III.  A.  Distribution  of  fishes  of  Alleghany  region,  (etc.) — D.  S. 
Jordan;    A.   W.  Bra.yton.      B.  Synopsis  of  family 

CaioniomidcB — D.  S.  Jordan 306 

North  American  Odlogy.     Part  i.  Raptores  and  fissirostres — ^T.  M.  Brewkb..  09 
North  Carolina — 

ancient  mica  mines  in— C.  D.  Smith.     (R.  1876) 2W 

Beaufort,  description  of  new  species  of  fish  (Caranx  Beani)  from — D.  8. 

Jordan.     (P.  1880) - 428 

Beaufort,  notes  on  fishes  of— D.  S.  Jordan  ;  C.  H  Gilbert.     (P.  187a)  SJ2 

Black  Mountain,  topography  of— T.  L.  Clinqman.     (R   1856) 77 

earthquakes  in,  in  1874— W.  Du  Pr6;  J.  Henry.     (R.  1874) 286 

Lenoir  county,  antiquities  in — J.  M.  Spainhour.     (R.  1871) 249 

Montgomery  county,  antiquities  of— P.  J.  Kron.     (R.  1874) ,,  286 

occurrence  of  PAycwrc^iw.?  in— T.  H.  Bean.     (P.  1880) 426 

Stanley  county,  antiquities  of— P.  J.  Kron.     (R.  1874) 286 

North  German  Lloyd,  free  freight  between  Germany  and  United  States  by — 

,R.  SCH  LEIDEN.     (R.  1868) IW 

North  Pacific  Surveying  Expedition,  contributions  to  natural  history  made  in 

connection  with— T.  H.  Streets Ml 

North  Pole,  expedition  toward  the,  scientific  instructions  to— J.  Hbnry;  J.  S. 
Hiloard;   S.  Newcomb;   S.  P.  Baird;    F.  B.  Meek;   L.  Aoassiz. 

(R.  1871) — - 249 

North  Pole,  map  of  stars  near  the,  for  observations  on  the  aurora 350 

Northern  Hfmisphere,  winds  of  the — J.  H  Coffin 52 

Northern  latitudes,  record  of  auroral  phenomena  observed  in — P.  Force 84 

Northern  seas,  the— J.  Babinet.     (R.  1869) 228 

Northumberland.  Duke  of,  account  of  the -^ 8S0 

Northumberland,  Duke  of,  presentation  of  books  by.     (R.  1859) >„„ 110 
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Northwest  coast  of  America,  kjokken-moddingt  on  the~P.  Schumaohxr. 

(R.  1878) - 276 

Norton,  E.    On  wasps „,, 264 

Norway,  Ethnological  Museum  of— L.  K.  Daa.     (R.  1862) 160 

Norway,  University  of  Christiania,  ethaulogical  specimens  from.     (R.  1868)..  187 

Norwegian  mountains,  lakes,  and  the  snow-line — O.  E.  Drbutzkb.     (R.  1866.)  214 

Notaeanthus  phasganorus  from  Newfoundland— G.  B.  Ooode.     (P.  1880) 426 

Note  on  occurrence  of  Phyeia  regiua  in  South  Carolina — T.  H.  Bean.     (P.  1880.)  426 

Note  on  the  latiloid  genera— T.  Gill.     (P.  1881) 467 

Notes— 

of  ^ging  expedition  to  Shoal  Lake,  Lake  Winnipeg — D.  Gunk.     (R. 

1867) - - -.  216 

on  ahoriginal  shell  mounds  of  New  Brunswick  and  New  England — S.  F. 

Baird.     (P.  1881) - -. 467 

on  American  migration — P.  von  Hellwald.     (R.  1866) 214 

on  fishes — See  D.  S.  Jordan;  C.  H.  Gilhert;  alaOf  Proceedings  National 

Museum, 
on  fishes  of  Pacific  coast  of  United  States— D.  S.  Jordan  ;  G.  H.  Gil- 
bert.    (P.  1881) - — 467 

on  history  and  climate  of  New  Mexico— T.  A.  McParlin.  (R.  1877.)  828, 396 

on  horary  variations  of  harometer — M.  Yaillant;  J.  Henry.  (R.  1866.)  214 

on  Indian  history— P.  V.  Haydbn.     (R.  1867) - 216 

on  life  and  character  of  Joseph  Henry — J.  0.  Welling 866,  338 

on  mortality  among  fishes  of  Gulf  of  Mexico — S.  H.  Johnson.   (P.  1881.)  467 

on  new  species  and  localities  of  microscopical  organisms — J.  W.  Railby.  63 
on  physical  geography  of  North  America — J.  G.  Ooopbr.     (R.  1858.)  109,  351 

on  Sa^monu/ds  of  upper  Columbia — C.  Bbndire.     (P.  1881) 467 

on  some  Costa  Rican  birds — K.  Ridoway.     (P.  1881) 467 

on  Tinneh  or  Chepewyan  Indians  of  British  and  Russian  America — G. 

Gibes  and  others.     (R.  1866)_ .—  214,365 

on  Tonto  Apaches— C.  Smart.     (R.  1867) - 216 

relative  to  George  Catlin— J.  Hknry.     (R.  1872) 271 

to  accounts  of  lightning  discharges,  by  G.  W.  Dodge  and  others — J. 

Henry.     (R.  1807) - 216 

to  article  on  vitality,  by  H.  H.  Higgins— J.  Hknry.     (R.  186G) 214 

to  articles  on  meteorology,  by  G.  Latimer  and  others — J.  Hknry.     (R. 

1871) - 249 

to  lectures  on  meteorology,  by  R.  Russell — J.  Henry.     (R.  1854) 75 

Notice,  biographical,  of — 

Agassiz,  L.,  by  J.  A.  Garfield.     (R.  1878) — --  275 

Agassiz,  L.,  by  P.  Pakkeh.     (R.  1873).__ 275 

Blackmore  Museum,  Salisbury,  England.     (R.  1808) 224 

Chase,  S.  P.,  by  J.  A.  Garfield.     (R.  187H) _ 275 
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Chase,  S.  P.,  by  H.  Hamlin.     (R.  1878).- 276 

Cleaveland,  Parker,  by  J.  Hbnry.     (R.  1859) 110 

Espy,  James  P.,  by  A.  D.  Bachk.     (R.  1869) -- 110 

Harvey,  W.  H.,  by  A.  Gray.     (R.  1867) . 215 

Irving,  Washington,  by  0.  O.  Fklton.     (R.  1869) 110 

Jewett,  C.  C,  by  R.  A.  Guild.     (R.  1867) 215 

Rush,  Richard,  by  J.  A.  Pkarcb.     (R.  1869) _.- _ 110 

Schoenbein,  Christian  Frederic,  the  discoverer  of  ozone.     (R.  1868) 224 

Smithson,  James,  by  D.  Gilbert,  President  of  the  Royal  Society.     ( R. 

1853).- - _-  67,330 

Smithson,  James,  by  W.  R.  Johnson;  J.  R.  McD.  Irby 327 

Smithson,  James,  by  W.  J.  Rhees.     (R.  1879) 349,  330 

Turner,  W.  W.,  by  C.  C.  Pelton.     (R.  1869)- _ — 110 

Wurdemann,  G.,  by  A.  D.  Bachk.     (R.  1859) 110 

Notice  of  recent  additions  to  marine  invertebrates  of  northeast  coast  of  America— 

A.  E.  Verrill.     (P.  1880) 425 

Notices  of  public  libraries  in  the  United  States — 0.  C.  Jewett 25 

Nova  Scotia — 

birds  of— Blackiston ;  T.  Bland;  J.  R.  Willis.     (R.  1868) 109 

fishes  obtained  tLi—See  G.  B.  Goode;  T.  H.  Bean. 

kjdkken-moddings  in — J.  M.  Jones.     (R.  1868) 187 

Numeration,  report  on  improved  system  of— W.  B.  Taylor.     (B.  1867) 215 

Nuovi  Lincei,  Pontifical  Academy  of  the.     Prize  questions.     (R.  1865;    R. 

1867) - 209,215 

Nutation,  phenomena  of— J.  G.  Barnard 810 

Nutter,  F.  H.     Mounds  on  Gideon's  farm,  near  Excelsior,  Hennepin  county, 

Minnesota.     (R.  1879) _ - W5 
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Ober,  F.  A.— 

birds  of  Antigua  and  Barbuda  collected  by,  catalogue  of— G.  N.  Law- 
rence.    (P.  1878) 882 

birds  of  Dominica  collected  by,  catalogue  of— 6.  N.  Lawrence.  (P.  1878.)  882 

.  birds  of  Grenada  collected  by,  catalogue  of— G.  N.  Lawrence.  (P.  1878.)  882 
birds  of  Guadeloupe  collected  by,  catalogue  of— G.  N.  Lawrence.     (P. 

1878) 882 

birds  of  Lesser  Antilles  collected  by,  catalogue  of— G.  N.  Lawrence. 

(P.  1878) - - _ 882 

birds  of  Martinique  collected  by,  catalogue  of— G.  N.  Lawrence.     (P. 

1 878) _ 1  382 

birds  of  St.  Vincent  collected  by,  catalogue  of— G.  N.  Lawrence.     (P. 

1878) - 882 

Ober,  F.  a.     Ornithology  of  the  Caribbee  Islands.     (R.  1878) 841 

Obsequies  of  Joseph  Henry 356 

Observations — 

astronomical — W.  Harkness 289 

astronomical,  discussion  of  Piazzi's — B.  A.  Gould.     (R.  1868) 187 

astronomical,  in  Arctic  Seas — E.  K.  Kane 129 

in  Hudson's  Bay  Territory— B.  R.  Ross.     (R.  1869) —  110 

magnetic,  in  the  Arctic  Seas — E.  K,  Kane 97 

physical,  in  Arctic  Seas — I.  I.  Hayes 196 

physical,  in  Arctic  Seas.     Parts  i-iv — B.  K.  Kane 198 

scientific,  metric  system  for— A.  GuYOT.     (R  1848) I 

Observations — See  Magnetic,  Meteorological,  Physical,  Tidal. 
Observations,  meteorological — 

at  Brunswick,  Maine — P.  Oleaveland 204 

at  Providence,  Rhode  Island — A.  Oaswell 103,  443 

at  Sacramento,  California— F.  W.  Hatch.     (R.  1854) 76 

at  Sacramento,  California— T.  M.  L6oan.     (R.  1854) 75 

at  Washington,  Arkansas — N.  D.  Smith . 131 

combined,  report  of  committee  of  American  Association  for  Advance- 
ment of  Science  on  system  of.     (R.  1861) 61 

directions  for— A.  Guyot 19 

for  year  1866..: --..  93 

in  the  Arctic  Seas— E.  K.  Kane 104 

Obftervations  of — 

earthquake  phenomena — R.  Mallet.     (R.  1869) 110 

Siredan  lichenoides— W ,  B.  Carlin.     (P.  1881) 467 

temperature,  best  hours  for— C.  Dewey.     (R.  1860) 147 

thunder  storm,  John  Wise's— R.  Hare.     (R.  1864) .  75 

thunder  storms,  instructions  for — J.  Henry ^ 235 
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Observations  on — 

auroras,  map  of  stars  near  North  Pole  for -^ : 350 

Bails  mariiima  of  Linnseus — J.  To&BBT €0 

electric  resonance  of  mountains — H.  Ds  Saussube.     (R.  1868) 224 

gold  ornament  from  mound  in  Florida — C.  Rau.     (B.  1877)...  828,  440,  403 

ice — D.  Walker 146 

Mexican  history  and  archaeology — B.  Mater 86 

natural  phenomena,  shooting  stars,  aurora,  etc.— S.  Mabtsrmak.     (B. 

1857) 107 

prehistoric  mounds  of  Grant  county,  Wisconsin — M.  Strong.   (R.  1876.)    299 

terrestrial  magnetism— J.  Locke 35 

terrestrial  magnetism  and  deviation  of  compasses  of  iron-clad  "  Monad- 
nock  " — W.  Harkness 239 

terrestrial  magnetism  in  Mexico — Baron  yon  Mijller;  A.  Sonntag 114 

thunder  and  lightning— S.  Mabtermak.     (R.  1855) 77 

Ohservatories— 

at  Dor  pat  and  Poulkoya,  description  of— 0.  Abbe.     (R.  1867) 215,  369 

detached,  universal  meteorograph  for— E.  H.  yon  Baumhaubr.  (R.  1879.)    346 
instructions  to,  relative  to  telegraphic  announcements  of  astronomical 

discoveries — J.  Henry 26S 

reports  of,  1879— E.  S.  Holden.     (R.  1879) 845,  410 

reports  of,  1880— B.  S.  Holden;  G.  H.  Bobhmkb.     (R.  1880) 442,  438 

Ohseryatory — 

at  Cordova,  Argentine  Repuhlic,  account  of— B.  A.  Goitld.     (R.  1873.)  27fi 
at  St.  Martin,  Isle  JesuS,  Canada  East,  description  of— C.  Smallwoob. 

(R.  1856) 91 

Girard  College — See  Bache,  A.  D. 

Kew,  verification  of  barometers  at— J.  Welsh.     (R.  1859) 110 

magnetic,  at  Smithsonian  Institution,  description  of — J.  E.  Hiloard 

(R.  1859) ^ 110 

physical,  on  a— J.  Henry.     (R.  1870)  — 244 

Toronto,  instructions  by,  for  aurora  observations 148 

Observers,  meteorological,  of  Smithsonian  Institution,  list  of.     (R.  1868)..  224,  373 
Observers — See  Meteorological  stations  and  observers. 
Ocoultations — 

in  1852— C.  H.  Dayis 29 

of  planets  and  stars  by  the  moon,  1858 — J.  Downes . 54 

visible  in  the  United  States  during  the  years  1848-1852 — J.  Downbs. 

8,9,10,11,29 

Occulutor,  account  of— T.  Hill 101 

Ocean,  fre^h  water  in  the— W.  C.  Dennis.     (R.  1866) 214 

Ocean,  Indian,  cyclone  in  the— N.  Pike      (R.  1807) 215 

Oceanic  bonito  on  coast  of  United  States— G.  B.  GooDE ;  T.  H.  Bean.  (P.  1878  )  852 
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•Oceanic  bonito  {0reynu8  pMamys)^  occurrence  of,  in  Vineyard  Sound — V.  N. 

Edwards.     (P  1878) ..^ 882 

Odlino,  W.     Scientific  work  of  Thomas  Graham.     (R.  1871) -.  *249 

Okhlsb,  A.     Stone  ciftU  near  Highland,  Madison  county,  II linoit.     (R.  1879.)  845 

Oersted,  H.  C,  memoir  of,  by  E.  Dk  Bkauhont.     (R  1868) — : 224 

Officers— 

and  establishment  of  the  Smithsonian  Institution  and  National  Mu-^eum.  449 

» 

collaborators,  employ^-,  etc^,  of  Smithsonian  Institution,  National  Mu- 
seum, Geological  Survey,  Bureau  of  Ethnology,  and  Fish  Commis- 
sion, directory  of 466 

and  Regents  of  Smithsonian  Institution,  1846,  list  of N 

Ohio- 
ancient  earthworks  in,  sketch  of— I.  Dills.     (R.  1866) 214 

ancient  works  in,  descriptions  of— C.  Whittlksky 37 

Ashland  county,  earthworks  in— G.  W.  Hill.     (R.  1877) 82^1 

Ashtabula  county,  double-walled  earthwork  in — S.  I).  Pbbt.     (R.  1876.)  299 

Holmes  county,  flint  instruments  in — H.  B.  Cabs.     (R.  1877) 823 

Kelley's  Island,  climate  of— G.  C.  Huntington.     (R.  1866) 214 

Marietta,  meteorological  observations  at — S.  P.  Hildbetu  ;  J.  Wood  ..  120 

northern,  antiquities  of— G.  W.  Hill.     (R.  1874) 286 

.    Perry  county,  antiquities  of— W.  Andbrson.     (R.  1874) 286 

Trumbull  county,  mound  in— F.  Miller.    (R.  1877) 828 

Ohio  river,  habits  of  black  bass  of  the— J.  Eoff.     (R.  1864) 76 

Ohio  river,  suggestions  for  improvement  of  navigation  of — C.  Ellet,  Jr 18 

Oil- 
coal,  explosibility  of— Z.  Allen.     (R.  1861) 149 

porpoise,  manufacture  of— C.  Cook.     (P.  1878) 882 

rock,  or  petroleunf,  history  of— T.  S.  Hunt.     (R.  1801) 149 

Oil-shark  of  southern  California— D.  S.  Jordan  ;'C.  H.  Gilbert.     (P.  1880.)  426 

Old- World  birds  in  National  Museum,  catalogue  of— R.  Ridoway.     (P.  1881.)  467 

Oligocene  fossils,  check-list  of— T.  A.  Conrad 200 

Olmos,  Peru,  account  of  solar  eclipse  at— J.  M.  Gilliss 100 

Olmsted,  D.     Aurora  borealis,  recent  secular  period  of 81 

Olnbt,  8.  T.     List  of  Rhode  Island  alga 241 

Omaha  myth— J.  0.  Dorset.     (E.  1879-80) — 476 

Oology,  North  American.     Part  i.  Raptores  and  fissirostres — T.  M.  Brewbr..  89 

Oology  of  Kerguelen  Island— J.  H.  Kiddkr;  E.  Coues 294 

Opening  and  closing  of  Kennebec  river,  Maine — R.  H.  Gardiner.     (R.  1858.)  109 

Opheosaurus  vontralis,  remarks  on  osteology  of— R.  W.  Shufbldt.    (P.  1881.)  467 
Orbit— 

and  phenomena  of  meteoric  fire-ball — J.  H.  Coffin 221 

of  Neptune,  investigation  of,  with  tables  of  its  motion — S.  Newcomb  ..  199 

of  Uranus,  investigation. of,  with  tables  of  its  motion — S.  Newcomb 262 
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Orbits,  planetary,  secular  variations  of— J.  N.  Stookwsll.     (R.  1871)  ...  249,  232. 

Orcynus  pelamys  (oceanic  bonito),  occurrence  of,  in  Vineyard  Sound,  Massa- 
chusetts—V.  N.  Edwards.     (P.  1878)-- 882 

Oregon — 

fishes  of,  notes  on  collection  of— D.  8.  Jordan.    (P.  1878). - 882 

jargon  of— B.  R.  Mitchbllj  W.  W.  Turner 68 

trade-language  of— G-.  Gibbs ^ 161 

Ores  collected  on  geological  survey  in  Michigan,  catalogue  of — 0.  T.  Jackson. 

(R.  1864) - 76 

Ores,  rocks,  minerals,  and  fossils,  cataloguer  of^ J.  Locke.     (R.  1854) 75 

Organic  bases— A.  Bauer.     (R.  1872) 271 

Organisms — See  Microscopic. 

Organization  and  objects  of  the  United  States  National  Museum — G.  B.  Goodi. 

(P.  1881) -  467,450 

Organization,  plan  of,  and  regulations  of  the  U.  8.  National  Museum — G.  B. 

GOODE.     (P.  1881)— 467,445 

Organization  of — 

local  scientific  societies — J.  Henrt.     (R.  1876) 298 

8miths<>nian  Institution,  programme  of F,  J,  828 

Smithsonian  Institution,  report  of  American  Academy  of  Arts  and 
Sciences  on — E.  Everett  ;  J.  Sparks  ;  B.  Peircb  ;  H.  W.  Long- 
fellow; A.  Gray.    (R.  1858) . 67 

Smithsonian  Institution,  report  of  committee  of  Regents  on B,  L,  8S8 

Organized  bodies,  natural  history  of— E.  J.  Marey.     (R.  1867) 216 

O'Rielly,  Henry,  deposition  of  J.  Henry  in  case  of  8.  F.  B.  Morse  versus 115 
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1876.     (R.  1866;  R.  1877)/. _. 209,  828 
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collected  by  J.  C.  Fremont  in  California — J.  Torrsy 46 

cryptogamous,  present  state  of  knowledge  of— W.  Reichardt.  (R,  1871.)    249 

dates  of  blossoming  of— F.  B.  Hoxtgh 182 

dates  of  defoliation  or  fall  of  leaf  of— F.  B.  Hough 182 

dates  of  foliation  of— F.  B.  Hough 182 

directions  for  collecting  and  preserving — L.  F.  Ward 460 

of  Arctic  America,  descriptions  of— A.  Gray 842 
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Plants — See  Torrey,  J.,  Gray,  A. 
Plaster  casts — 

methods  of  making  and  preserving — A.  Pirz.     (P.  1881) —    467 

of  antique  and  modern  statues— W.  J.  Stone.     (R.  1865) „—„      77 

of  heads  of  Indian  hoys  and  girls  at  Hampton,  Virginia — R.  H.  Pratt. 

(P.  1879) 88S 

of  heads  of  Indian  prisoners  at  St.  Augustine,  Florida — K.  H.  Pratt. 

(P.  1878) - - 882 

Plateau,  P.     Rapid  preparation  of  myological  specimens.    (P.  1881) 467 

Plateau,  J.     Experimental  and  theoretical  researches  on  the  figures  of  equi- 
librium of  a  liquid  mass  withdrawn  from  the  action  of  gravity.     Parts 

i-vi.     (R.  1868-1866) 187,  188,  209,214 

Platessa  ferruginea,  note  on— G.  B.  (Joode;  T.  H.  Beak.     (P.  1878) 882 

Platessa  rostraU,  note  on— G.  B.  Goode;  T.  H.  Beak.     (P.  1878) 838 

Platycnemism  in  Michigan— H.  Gillmak.     (R.  1878) 275,393 

Platyrhina  ezasperata,  generic  relations  of — D,  S.  Jorbak;  0.  H.  Gilbert. 

(P.  1880)- i2S 

Platyrhina  triseriata,  new  ray  from  coast  of  California,  description  of — D.  8. 

Jordak;  C.  H.  Gilbert.    (P.  1880) 425 

Platysomatichthys  stomias,  new  flounder  from  coast  of  California,  description 

of— D.  S.  Jordak;  C.  H.  Gilbert.    (P.  1880) jj 425 

Pleuronectes  glaber,  identity  of,  with  Euchalarodua  Putnami — T.  H.  Bean. 

(P.  1878) 882 

Pleuronectida  of  San  Francisco,  review  of— W.  N.  Lockikotok.     (P.  1879)—    888 
Pleuronichthys  verticalis,  new  flounder  from  coast  of  California,  description 

of— D.  8.  Jordak;  C.  H.  Gilbert.    (P.  1880) 425 

PoE,  O.  M.     Account  of  lightning  discharges.     (R.  1867) 215 

Poet,  A.    New  classification  of  clouds.     (R.  1870) 244 

Poet,  P.     Notes  on  American  species  of  genus  Ct/bium,     (P.  1878) 832 

PoooEKDORPF,  J.  C.     Use  of  galvanometer  as  measuring  instrument.    (R.  1859.)    110 

Points,  boiling  and  melting— P.  W.  Clarke 255,288 

Points,  spear  and  arrow,  primitive  manufacture  of,  along  line  of  Savannah 

river— C.  C.  Jokes,  Jr.     (R.  1879) ._ 846 

Poison — See  Venom. 

Poisoned  arrows,  lecture  on  nature  and  cure  of  wounds  of— D.   Beaikard. 

Poisonous  water  in  Gulf  of  Mexico,  destruction  of  fish  by — J.  Y.  Porter. 

(P.  1881) 467 

Polar  expedition — See  Hall,  Capt. 
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Polar  light,  or  aurora  borealis,  its  phenomena  and  laws — B.  Looms.     (R.  1866.)    309 
Polaris  expedition,  scientific  instructions  for — J.  Hekrt  ;  J.  E.  Hiloard  ;  S. 
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Polarized  nerve,  effect  of  irritation  of— B.  F.  Lautsmbach.     (R.  1878)—  841,  411 

Pollock,  J.    Assay  of  coins  at  the  Mint  of  the  United  States.    (R.  1868) 224 

Polychrome  bead  from  Florida— S.  8.  Haldsman.     (R.  1877) 828,  404 
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Porpoise  oil,  manufacture  of— C.  Cook.     (P.  1878) 882 
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PoBTXB,  J.  Y. ;  JX7FBB80N,  J.  P. ;  MooBS,  T.    Destruction  of  fish  near  the 

Tortugas.     (P.  1878)  -. - -  882 

PoBTBB,  T.  C.    List  of  plants  of  upper  Missouri.    (R.  1860) 28 

Portland  Society  of  Natural  History,  account  of— E.  C.  Bollbs.     (R.  1867)  —  216 
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description  of  new  owl  from— R.  Ridqwat.     (P.  1881) 467 

great  hurricane  at — G.  A.  Latimkb.     (R.  1867) 216 

Latimer  collection  of  antiquities  from— O.  T.  Mason.    (R.  1876) 397 

meteorology  of— G.  Latimbb.     (R.  1871) 249 
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photographic,  of  North  American  Indians,  in  gallery  of  Smithsonian 

Institution,  list  of 216 
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Pottery- 
ancient,  from  Phillips  county,  Arkansas— J.  H.  Deyebbxtx.     (R.  1872.)  271 
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PowBLL,  B.    Reports  on  state  of  knowledge  of  radiant  heat.     (B.  1869) 110 

Powell,  J.  W. — 

Evolution  of  language.     (E.  1879-80) _ 476 

Limitations  to  use  of  some  anthropological  data.     (£.  1879-80) 476 

Mythology  of  North  American  Indians.     (E.  1879-80) 476 

Report  of  Director  of  Bureau  of  Ethnology.     (S.  1879-80) 476 
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influence  of  rain  upon  the  formation  of— J.  Hann.     (R.  1877) 828, 898 

of  rain  and  snow  in  the  United  States,  charts  of— C.  A.  Schott 374 
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Prince  Regent's  Inlet,  meteorological  observations  in — F.  L.  McOlintock 146 

Princeton,  New  Jersey,  address  at,  by  J.  Henby B 
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and  methods  of  palaontology— T.  H.  Huxley.     (R.  1869) —  228 
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Batayian  Society  of  Experimental  Philosophy  of  Botterdam.    (B.  1861.)    149 
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France.     (B.  1878) 276 

Society  of  Arts  and  Sciences  of  Utrecht.     (B.  1861 ;  B..  1862) |49, 160 
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Proceedings  of— 
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U.  S.  National  Museum,  catalogue  and  index  of 478 

Products  of  combustion  of  gun-cotton  and  gunpowder— Lieut,  von  Kabolti; 

B.F.Craig.    (B.  1864) -    188 

Productus  giganteus,  note  on  occurrence  of,  in  California — C.  A.  White.     (P. 

1880) 426 

Programme  of  organization  of  Smithsonian  Institution .. F,  J,  828 

Progress — 

in  physics — See  J.  Muller. 

in  science^  record  of— See  Becord. 

of  astronomical  photography — Dr.  Lbb.     (B.  1861) 14^ 
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Providence,  Bhode  Island,  meteorological  observations  at — A.  0a8WSLL  : 

1881  k>  1860 - 103 

1881  to  1876 - - 443 

Provincetowni  Massachusetts,  experiments  made  at,  upon  animal  heat  of  fishes — 

J.  H.  KiDDBR.     (P.  1879) 888 

Provincetown,  Massachusetts,  littoral  marine  fauna  of— B.  Bathbttk.  (P.  1880.)  425 
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report  on,  1858-1866— S.  P.  Baird.     (B.  1858-1866.)  67,  75,  77,  91,  107, 

109,  110,  147,  149,  150,  187,  188,  209,  214 
Puebla,  Mexico,  description  of  large  fossil  gasteropod  from — C.  A.  White. 
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man,  probable  future  of— A.  Dk  Oandolls.     (R.  1875) 298 

lixtureof— G.  Gibbs.     (R.  1864) 188 

social  and  religious  condition  of  the— J.  Litbbook.     (R.  1869)-..  228 

,  in  Liberia— E.  D.  Bltden.     (R.  1870) 244 

,  reports  on  state  of  knowledge  of— B.  Powell.     (R.  1869) 110 

irctic  America — A.  E.  Ybbrill 843 

tcture  on— J.  Tyndall.     (R.  1868)  .— 224 

memoirs  on  North  American  fishes,  review  of — D.  S.  Jordan 805 

a,  note  on — D.  S.  Jordan;  C.  H.  Gilbert.     (P.  1881) 467 

lew  species  of  ray  from  coast  of  Oalifornia,  description  of — D.  S. 

lN;  C.  H.  Gilbert.     (P.  1880) 425 

ta,  new  species  of  ray  from  Monterey,  California,  description  of— 

Jordan;  C.  H.  Gilbert.     (P.  1880)  1 425 

mospheric  pressure— J.  Hann.     (R.  1877) 328,398 

irometric  minima— T.  Rete.     (R.  1877) 828,898 

low,  tables  of  precipitation  in — C.  A.  Schott 222,  353 
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Bain — Gontinued. 

articles  on,  preserved  in  Smithsonian.     (B.  1874) . 286,  353 

gauges— R.  H.  Gabdikeb.     (R.  1868) 109 

influence  of,  upon  the  barometer— J.  Hakk.     (R.  1877) 828,  898 

observations 167 

presence  of  electricity  during  fall  of— Prof.  Palmisbi.     (R.  1870) 244 

quantity  of,  at  different  heights— 0.  W.  Morbis;  J.  Hsnrt.     (R.  1866.)      77 
snow,  or  hail,  electricity  of  induction  in  strata  of  atmosphere  surround- 
ing cloud  resolving  into— F.  Zantbdiesobi.     (R.  1870) 244 

Bain-charts  of  United  States,  1, 2, 8 :  summer,  winter,  and  year — C.  A.  Schott.    374 

Bana  pipiens,  anatomy  of  nervous  system  of— J.  Wtman 45 

Baptores,  oology  of— T.  M.  Bbewbr 89 

Bat,  pouched,  of  Georgia,  habits  of— -W.  Gesnsb.     (R.  1860) 147 

Bathbuk,  B.     Littoral  marine  fauna  of  Provincetown,  Cape  Cod,  Massachu- 
setts,    (P.  1880) .- -. 426 

Bathbun,  R.     Marine  invertebrates  from  New  England,  distributed  by  U.  S. 

National  Museum,  list  of.     (P.  1881) 467,  465,  471 

Bathbun,  B.  ;  Ybbrill,  A.  B.     Marine  invertebrata  of  New  England,  dis- 
tributed by  Pish  Commission.     (P.  1879) 888 

Batio  between  diameter  and  circumference  of  a  circle — W.  Febbbl 233 

Battlesnake,  researches  upon  venom  of — S.  W.  Mitchell 135 

Battlesnakes,  bibliography  of— S.  W.  Mitchell — —     186 

Battlesnakes,  genera  and  species  of — B.  D.  Cope ^ 186 

Bau,  C— 

Agricultural  flint  implements  in  southern  Illinois.     (R.  1868.)  224,  440,  370 
Agricultural  implements  of  North  American  stone  period.     (R.  1868.)  187, 440 

Ancient  aboriginal  trade  in  North  America.     (R.  1872) 271,  440,  385 

Anthropological  publications,  list  of.     (P.  1881) — 467 

Archffiological  collection  of  the  T7.  S.  National  Museum 287 

Artiflcial  shfcU-deposits  in  New  Jersey.     (R.  1864) _.   188,  440,  362 

Drilling  in  stone  without  metal.     (R.  1868) 224,  440,  372 

Gold  ornament  from  mound  in  Florida,  observations  on.     (R.  1877.) 

828,  440,  403 

Indian  pottery.     (R.  1866) 214,  440,  368 

Memoir  of  C.  F.  P.  Von  Martins.     (R.  1869) 228,  440,  251 

North  American  stone  implements.     (R.  1872) 271,  440,  382 

Palenque  tablet  in  the  U.  S.  National  Museum 331 

Stock-in-trade  of  an  aboriginal  lapidary.     (R.  1877) 828,  440,  402 

Translation  of  Baegert's  account  of  the  Indians  of  southern  California. 

(R.  1868;  R.  1864) 187,  188,440,361 

Translation  of  Romer's  antiquities  of  Hungary.     (R.  1876)  _—  299,  440,  392 

Rawbon,  R.     Memoir  of  Eaton  Hodgkinson.     (R.  1868) - 224 

Bead,  M.  C.     Ancient  mound  near  Chattanooga,  Tennessee.     (B.  1867) 216 
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Beading-room  of  Smithsonian  Institution,  periodicals  received  in,  1863 Q 

Becalculation  of  atomic  weights.     Constants  of  Nature  Part  T— F.  W.  Olasks.  441 
Beoeipts  of  specimens — See  annual  reports. 
Beoent — 

improvements  in  the  chemical  arts — J.  0.  Booth;  0.  Mobfit 27 

progress  in  physics— J.  MiJLLiB.     (B.  1855-1868) 77,  91,  107, 109 

progress  in  relation  to  the  theory  of  heat — A.  Oazik.     (B.  1868).' 224 

progress  in  science,  reports  on — See  Becord  of  recent  progress. 

researches  on  secular  variations  of  planetary  orhits — J.  N.  Stookwxll. 

(R.  1871) - - - 249 

Beoommendation  of  Shea's  Indian  linguistics — G.  Gibbs  and  others.     (B.  1861.)    149 

Beoord  of— 

auroras  in  higher  northern  latitudes — P.  Fobce 84 

meteorological  material  preserved  in  Smithsonian.     (B.  1874) 28$ 

monthly  meteorological  reports  preserved  in  Smithsonian  Institution. 

(B.  1878) - - 27ft 

Beoord  of  recent  progress  in  science,  1879  and  1880 — 

Anthropology— O.  T.  Mason.     (B.  1880) 442,  432 

Astronomy— B.  S.  Holdbn.     (B.  1880) 442,427 

Botany— W.  G.  Pablow.     (R.  1880) —  442, 430 

Chemistry- G.  P.  Babkeb.     (B.  1880) 442,  429 

Geology— G.  W.  Hawes.     (B.  1880) 442,428 

Mineralogy— G.  W.  Hawes.     (B.  1880) 442,  428 

Physics— G.  P.  Babkbb.     (B.  1880) 442,429 

Zoology— T.  Gill.     (B.  1880). 442,  431 

Beoording  Indian  languages,  method  of— J.  O.  Dobset  ;  A.  S.  Gatschbt  ;  S. 

B.  Biggs.     (E.  1879-80)- ^ _ 476 

Beoords  and  results  of  magnetic  survey  of  Pennsylvania — A.  D.  Bache 166 

Bed  river  of  the  North,  ethnology  of  Indians  of  valley  of— W.  H.  Gabdnbb. 

(B.  1870) 244 

Bed  river  settlement,  Hudson's  Bay  Territory,  Indian  remains  in — D.  Gukk. 

(B.  1867) — 216 

Bebd,  H.    Lecture  on  "  the  Union."     (B.  1854) 76 

Befraction  of  sound— W.  B.  Taylob.     (B.  1875) 298 

Begents  of  Smithsonian  Institution — 

list  of,  1846 K 

list  of,  1846-1879.     (See  alao  each  annual  report) 829 

memorial  of  Board  of,  relative  to  Smithson  fund.  (B.  1850;  B.  1866.)  28,214,829 
memorial  of  Board  of,  to  Congress  asking  appropriations  for  museum. 

(B.  1867) , 1. _ 215,  829 

memorial  to  Congress  in  hehalf  of,  relative  to  new  museum  building — 

G.  Banoboft.     (R.  1876) _ — 299,829 

proceedings  of  Board  of.     {See  also  each  annual  report)..  A,  G,  H,  I,  M ,  829 
proceedings  of  Board  of,  on  death  of  Joseph  Henry 866 
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Begento  of  Smithsonian  Institution — Continued. 

proceedings  of  Board  of,  relative  to  the  eleotro-magnetio  telegraph..  115^  829 

report  of  Committee  of,  on  Corcoran  Art  Gallery.     (R.  1872) 271,  829 

report  of  Committee  of,  on  fire  at  Smithsonian — B.   Wallaoh;    J. 

Hkkbt.     (R.  1864) _ 188,  829 

report  of  Committee  of,  on  Museum  —  A.  Gray;   H.  Copp6x.     (R. 

1874) ^ 286,  829 

report  of  Committee  of,  on  Museum — ^A.  Gray;  A.  A.  Sabgbkt;  H. 

Clyicbb.     (R.  1876) 299,  829 

report  of  Committee  of,  on  Stanley's  gallery  of  Indian  portraits.     (R. 

1857) - —   107,  829 

report  of  Committee  of,  on  communication  of  J.  Henry  relative  to  electro- 
magnetic telegraph— C.  C.  Fblton.     (R.  1867) 107,  829 

reports  of  Committee  of,  on  distribution  of  Smithsonian  income.    J.  A. 

PxABOx;  J.  Mbagham.     (R.  1858) 67,  829 

Begents  of  University  of  State  of  New  York.    Acknowledgment  for  specimens. 

(R.  1865) 209,829 

Begistration  of  periodical  phenomena — J.  Hbnby.    (R,  1855) 77 

Registry  of  periodical  phenomena . 148,  66 

BegiTlations  of  the  Smithsonian  Institution,  1872 .^ 260 

Regulations  of  the  T7.  S.  National  Museum— G.  B.  Goodx.     (P.  1881) 467,  445 

Bbichabbt,  W.   Present  state  of  knowledge  of  cryptogamous  plants.   (R.  1871. )    249 
Reid,  D.  B.     Architecture  in  relation  to  ventilation,  warming,  lighting,  flre- 

proofing,  acoustics,  and  health.    (R.  1856) .. 91 

Reigen  Mazatlan  collection  of  moUusks— P.  P.  Cabpbntbb 252 

Reindeer,  man  as  the  contemporary  of,  in  middle  Europe.    (R.  1867) 216 

Relation — 

between  barometric  variations  and  atmospheric  currents— M.  Pxslik. 

(R.  1877) — 828,898 

of  food  to  work,  and  its  bearing  on  medical  practice— S.  Hattohtok. 

(R.  1870) 244 

of  physical  sciences  to  science  in  general — H.  Hblmholtz.     (R.  1871)..    249 

of  time  and  space,  lecture  on — S.  Alxxakdxb.     (R.  1861) 149 

Relationship — 

circular  respecting  degrees  of— L.  H.  Moboak ^ 138 

system  of,  of  Cree  Indians— E.  A.  Watkins.     (R.  1862).. 160 

systems  of— L.  H.  Mobqan 218 

Relative  intensity  of  heat  and  light  of  sun— L.  W.  Mexch.     (R.  1856) 91,  83 

Relic,  ancient,  of  Maya  sculpture,  remarks  on — A.  Schott.    (R.  1871)  .  .. 249 

Relies— 

ancient,  in  Missouri— J.  W.  Fostbb.     (R.  1868) 187 

ancient  Indian— J.  Jonbs . 269 

ancient,  of  northwestern  Iowa— J.  B.  Cutts.    (R.  1872) 271 

presented  by  J.  H.  Devereux.    (R.  1872) 271 
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Beligion  of  Shoshone  Indians— A.  G.  Brackbtt.     (R.  1870) 8tf 

Beligioos  condition  of  lower  raoet  of  man — J.  Lubbock.    (K  1859) 328 

Remains — 

aboriginal,  of  Tennessee— J.  Jonss 259 

ancient,  in  Colorado— E.  L.  Bsbthoud.     (R.  1867) 216 

human,  from  Patagonia— A.  RiED.     (R.  1862) IfiO 

Indian,  in  Caddo  parish,  Louisiana — T.  P.  H<)tchki8S.     (R.  1872) 271 

of  later  prehistoric  man  from  caves  in  Alaska — W.  H.  Dall 318 

of  walrus  (?)  in  Maine— 0.  H.  Botd.     (P.  1881) 467 

prehistoric,  in  Montana— P.  W.  Nobbis.     (R.  1879) 845 

prehistoric,  in  vicinity  of  city  of  Washington,  D.  C. — T.  R.  Pbals. 

(R.  1872) - - 271 

Zapotec,  account  of— J.  G.  Sawkws;  B.  Matkb 86 

Remains — See  Ancient  remains. 

Remarkable  forms  of  hail-stones  in  Georgia— S.  Abioh.    (R.  1869) 22S 

Remarks — 

concerning  nature  of  currents  of  air — A.  Coldiko.     (R.  1877) 82S,  896 

on  ancient  relic  of  Maya  sculpture— A.  Schott.     (R.  1871) 249 

•         on  Oara  giganiesca  of  Tzamal  in  Yucatan — A.  Schott.    (R.  1869) '  228 

on  kjdkken-moddings  on  northwest  coast  of  America — P.  Schttmachxi. 

(R.  1878) 276 

on  osteology  of  OpheosawnM  ventralis — R.  W.  8hu7KLI>t.     (P.  1881)...  467 

on  physical  geography  of  North  America — J.  Fboebel.     (R.  1854) 76 

on  species  of  genus  CAiurua— W.  N.  Lockinoton.     (P.  1880) 425 

Reminiscences  of  Joseph  Henry  by  8.  B.  Dod 866 

Reparatory  inflammation  in  arteries  after  ligature,  etc.,  nature  of.    Toner  lec- 
ture No.  VII — E.  O.  SHAKS8PBABK 321 

Reply  to  criticisms  of  J.  Hann  by  W.  Pebbbl.     (R.  1877) 828,898 

Report — See  Henry,  J.,  Baird,  S.  P.,  Regents. 
Report  of— 

American  Academy  of  Arts  and  Sciences  on  organization  of  Smithso- 
nian— B.  Eyebett,-  J.  Spabks;  B.  Piebce;  H.  W.  Longfellow; 

A.  Gbat.     (R.  1868) 67 

architect— B.  S.  Alexandeb.     (R.  1864) 75 

architects,  1879,  1880— Cluss  and  Schulze.     (R.  1879;  R.  1880)—  846, 

442,  409,  434 

Board  of  Regents  of  Smithsonian  Institution,  1847-188^ G,  H,  I,  21, 

28,  61,  67,  67,  75,  77,  91,  107,  109,  110,  147,  149,  160,  187,  188,  209, 
214,  215,  224,  228,  244,  249,  271,  275,  286,  298,  299,  828,  841,  845, 442 

Bureau  of  Ethnology,  first— J.  W.  Powell.     (E.  1879-80) 476 

chemist— F.  W.  Tatlob.     (R.  1880) 442 

Commission  on  general  stereotype  catalogue  of  public  libraries.  (R.  1850.)  28, 47 
Committee  of  American  Association  on  system  of  combined  meteoro- 
logical observations.     (R.  1851) — — ^     51 
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Beport  of— Continued. 

Executive  Committee  (See  also  each  annual  report) 829 

Executive  Committee  on  Henry  Btatue.     (R.  1880) 442 

experiments  on  animal  heat  of  fishes — J.  H.  Kidder.     (P.  1879) 838 

explorations  in  New  Mexico  and  Arizona— J.  Stbvbnson.     (R.  1880)  —    442 

Government  explorations  and  surveys.     (R.  1878) 841 

National  Museum  Building  Commission  for  1879.     (R.  1879) 846,  409 

National  Museum  Building  Commission  for  1880.     (R.  1880) 442,  434 

Secretary  of  Smithsonian  Institution,  1847-1877— J.  Hknry.     (R.  1847- 
1877)-  P,  H,  I,  21,  28,  61,  67,  67,  76,  77,  91,  107, 109, 110, 147, 149, 
160,  187,  188,  209,  214,  216,  224,  228,  244,  249,  271,  276,  286,  298,  299,  828 
Secretary  of  Smithsonian   Institution,   1878-1880— S.  P.   Baird.     (R. 

1878-1880) — 841,  846,  442,  408,  418,  419 

Senate  Judiciary  Committee  on  management  of  Smithsonian — A.  P.  But- 
ler.    (R.  1866) - - 77 

Smithsonian  Institution — See  Report  of  Board  of  Regents. 

visit  to  Luray  Cavern— O.  T.  Mason.     (R.  1880) 442,  433 

Beport  of  Committee  of  Regents  of  Smithsonian  Institution  on — 

hest  use  of  new  hall  of  the  Institution— L.  Agassiz.     (R.  1867) 216,  829 

communication  from  S.  P.  B.  Morse— C.  C.  Pblton.     (R.  1867)  —  107,  820 

Corcoran  Art  Gallery.     (R.  1872) 271,  829 

electro-magnetic  telegraph— C.  0.  Pelton.     (R.  1867) 107,  829 

fire  of  January,  1866— R.  Wallace;  J.  Henry.    (R.  1864) 188,  829 

Greek  album - — 829 

Museum— A.  Gray;  H.  Oopp6e.    (R.  1874) — 286,  829 

Museum — ^A.  Gray;  A.  A.  Saroent;  H.  Clymbr.     (R.  1876) 299 

organization  of  Institution B,  L,  828 

Stanley's  gallery  of  Indian  portraits.     (R.  1857) 107,  829 

system  of  accounts.     (R.  1866) 214 

Washington  canal— R.  Dblafield.     (R.  1868) 224,  829 

Report  on — 

building  stones— D.  D.  Owen 829 

catalogue  system— C.  0.  Jewbtt.     (R.  1849) 21 

Centennial  Exhibition— S.  P.  Baird.     (R.  1876) 299,  307 

contents  of  bottles  of  water  from  Gulf  of  Mexico— W.  G.  Parlow. 

(P.  1881 ) - 467 

copyright  system— C.  C.  Jewbtt.     (R.  1861) , 61 

effect  of  frost  on  stones — C.  G.  Paob 829 

ethnological  collections  of  Museum  of  Lausanne— P.  Troyon.  (R.  1861)  149 
exploration  of  ancient  mounds  in  Union  county,  Kentucky — S.  S.  Lyon. 

(R.  1870) 244 

fishes  of  New  Jersey  coast,  as  observed  in  1864 — S.  P.  Baird.     (R.. 

1864) 76,  348 

fo&sils  from  Nebraska — J.  Lbidy.     (R.  1861) 61 
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Beport  on — OonUaaed. 

Halliwell  manuscripts— C.  C.  Jbwett.     (B.  1862) — 87 

history  of  discovery  of  Neptune — ^B.  A.  Gk>T7LD 18 

improved  system  of  numeration— W.  B.  Tatlob.     (B.  1867) 2U 

international  exchanges — G.  H.  Boehmsb ^ 477 

lacustrian  settlements— A.  MoBLOT.     (B.  1868) _ 187 

library— C.  C.  Jbwett.     (B.  1848-1858) I.  21,  28,  61,  67, 67 

limpets  and  chitons  of  Alaskan  and  Arctic  regions — W.  H.  Dall.    (P. 

1878) SS2 

magnetic  telegraph US 

meteorological  system— E.  FoBEMAK.    (B.  1862) 67 

meteorology  of  the  United  States— B.  Loomis.     (B.  1847) H 

mollusca  of  west  coast  of  North  America^?.  P.  Cafenteb 252 

Museum  and  statistics  of  British  Museum— S.  F.  Baibd.     (B.  1850) 28 

paleontological  collections  made  by  Lieut.  G.  K,  Warren — ^F.  B.  Meek  ; 

F.  V.  Hayden - - 171 

plan  of  library— C.  0.  Jewett.     (B.  1847) H 

proposed  exhibit>by  Smithsonian  Institution  at  the  Centennial  Exhibi- 
tion—S.  F.  Baibd.     (B.  1876) 298 

public  libraries  of  United  States— C.  0.  Jewett.     (B.  1849) 21 

publications,  exchanges,  explorations,  and  Museum,  1861-1877 — S.  F. 

Baibd.     (B.  1861-1877) 61,  67,  67,  76,  77,  91, 107,  109, 110, 

147, 149, 160, 187, 188,  209,  214, 216,224,  228,  244,  249,  271,  276,  286, 

298,299,828 
recent  progress  in  physics :  electricity,  galvanism — J.  Mullbb.    (B.  1866- 

1867) 77,91,107 

shell  heaps  of  Tampa  Bay,  Florida— S.  T.  Walkeb.     (B.  1879) 8« 

«       shells  presented  to  Academy  of  Natural  Sciences — J.  Leidy;  G.  W. 

Tbyon.     (B.  1866) 209 

state  of  knowledge  of  radiant  heat— B.  Powell.     (B.  1869) 110 

survey  of  economic  geology  ef  Trinidad — G.  P.  Wall;  J.  O.  Sawkiks. 

(B.  1866) 91 

system  of  accounts.     (B.  1866) , 214 

use  of  new  hall  in  Smithsonian  building — L.  Aqassiz.     (B.  1867) 21S 

Beport  to  Emperor  of  France  by  Minister  of  Public  Instruction  on  scientific 

expedition  to  Mexico.     (B.  1864) ^ 188 

Beports,  meteorological,  preserved  in  Smithsonian  Institution,  list  of.    (B.  187S.)    275 
Beports  of— 

astronomical  observatories,  1879— E.  S.  Holden.     (B.  1879) 845, 410 

astronomical  observatories,  1880 — E.  S.  Holden  ;  G.  H.  Boehmeb.    (R. 

1880) , 442,  438 

Committees  of  Begents,  1846-1877* rT 829 

Secretary  of  Smithsonian  Institution,  J.  Henry,  1866-1877 843 

Smithsonian  Institution,  catalogue  and  index  of ... ... 478 
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Reports  on  transactions  of  Geneva  Society  of  Physios — See  Geneva. 

Beptiles— 

circular  relating  to  collections  of  living „ „ „ 320 

cretaceous — J.  Leibt 192 

cretaceous,  review  of— J.  Lbidt.     (R.  1864) 188 

dates  of  flrst  appearance  of— P.  B.  Hough 182 

extinct — J.  Lkidt 192 

North  American,  catalogue  of.     Part  i.  Serpents — S.  F.   Baibd;   C. 

GiRABD , 49 

Reptilia,  check-list  of  North  American — B.  D.  Oopk - ^ 292 

Request  for  hison  hy  Bern  Museum.     (R.  1866) 200 

Request  for  shells— W.  E.  Logan.     (R.  1869) 110 

Research — 

ethnological— E.  H.  Davis.     (R.  1866) 214 

relative  to  ethnology  and  philology  of  America,  instructions  for — G. 

GiBBS ; 160 

upon  the  atmosphere,  plan  of  a — 0.  M.  Wbthebill.     (R.  1866) 214 

Researches — 

archiBological,  at  Concise— F.  Tboton.     (R.  1861) 149 

archaeological,  in  Nicaragua — J.  F.  Bbahsfobd ^  383 

hy  officers  of  Hudson's  Bay  Company,  letter  of  Sir  G.  Simpson 187 

geological,  in  China,  Mongolia,  and  Japan — R.  Pumpbllt 202 

in  sound— J.  Hbnby.     (R.  1878) 841,  406 

on  ammonia-cohalt  hases — W.  Gibbs;  F.  A.  Gsnth 88 

on  electrical  rheometry — A.  Sbcchi •. 36 

on  figure  of  equilibrium  of  a  liquid  mass  withdrawn  from  action  of 

gravity — See  J.  Plateau, 

on  secular  variations  of  planetary  orbits — J.  N.  Stockwbll.     (R.  1871.)  249 

relative  to  nebulae— Prof.  Gautisb.     (R.  1868) 187 

relative  to  planet  Neptune — S.  C.  Walkkb 3 

scientific,  list  of  apparatus  available  for.     (R.  1878) 841 

scientific,  of  Peltier— P.  A.  Peltibb.     (R.  1867) 216 

upon  anatomy  and  physiology  of  Chelonia — ^S.  W.  Mitchkll  ;  G.  R. 

MOBEHOUSB 159 

upon  fever— H.  C.  Wood _._  867 

upon  HydrohiiruB  and  allied  forma — W.  Stihpson 201 

upon  venom  of  the  rattlesnake — S.  W.  Mitohbll . 135 

Residuary  legacy — See  Smithson. 

Resolutions  of  Congress— -See  Congress. 

Resolutions  of  Regents— iSee  each  annual  report. 

Resonance,  electric,  of  mountains,  observations  on  the — H.  De  Saussxtbe.     (R. 

1868) 224 

Respiration,  apparatus  for  testing  results  of— M.  Pettenkofeb.     (R.  1864)...  188 
19 


Digitized  by 


Google 


290  ALPHABSnCAL  nTDKZ 

Respiration  in  the  Cbelonia,  retearcbes  on — S.  W.  Mitchxli.;  6.  &.  Mo 

HOUSE 119 

Betultfl  of— 

magnetic  torrej  of  PennsylTania — A.  D.  Bachx IM 

meteorological  obterrations  at  Bronswick,  Maine — P.  Ci.katslatd 20ft 

meteorological  obserrations  at  Marietta,  Ohio— S.  P.  Hildkkth;   J, 

Wood = 120 

meteorological  obeervations  at  Providence,  Rhode  Island,  1831-1 8G0, 

1831-1876— A.  Cjlswkll 103,443 

meteorological  obserrations  in  the  United  States,  1854-1859 157, 182 

precipitation  in  rain  and  anoir  in  United  States — C.  A.  Schott 222, 353 

spectrum  analysis  applied  to  heavenly  bodies — W.  Huqoihs.     (R.  1866.)    214 
BsTZiXJS,  A.     Present  state  of  ethnology  in  relation  to  form  of  the  skulL     (B. 

1859) 110 

Review  of— 

American  birds.     Part  i.  North  and  Middle  America — S.  F.  Baikd 181 

American  species  of  genus  Scops — B.  Bidowat.     (P.  1878) SS 

classification  of  birds— W.  Lilljbboro.     (R.  1866) 209, 364 

cretaceous  reptiles  of  the  United  Sutes— J.  Lkidt.     (R.  1864) 188 

genera  and  species  of  family  Cenirarchidcs — C.  L.  McKat.     (P.  1881)^    46T 

genus  Gm^uriM—R.  RiDGWAT.     (P.  1881) 4«7 

pleuronectide  of  San  Francisco — W.  N.  Lockinqtom.    (P.  1879) J$S 

Bafinesque's  memoirs  on  North  American  fishes — D.  S.  Jobbah M5 

Revisions  of  nomenclature  of  North  American  birds — R.  Bnx2WAT.     (P.  1880.)    42S 

Bevolutionii  of  crust  of  the  earth— G.  Pilar.     (B.  1876) 29» 

Bktx,  T.     Rain-fall  and  barometric  minima.     (B.  1877) 823, 896 

BsTVOLDS,  J.  B.     Hydrogen  as  gas  and  metal.     (B.  1870) 244 

BHzm,  W.  J.— 

Catalogue  and  index  of  publications  of  the  Smithsonian  Institution,  U.  S. 

National  Museum,  etc.,  1846-1881 478 

James  Smithson  and  his  bequest     (B.  1879) 345, 330 

Journals  of  Board  of  Begents,  reports,  statistics,  etc.,  of  Smithsonian  In- 
stitution     829 

List  of  public  libraries,  institutions,  and  societies  in  United  States  and 

British  Provinces 116 

List  of  public  libraries,  institutions,  and  societies  in  United  States  in  cor- 
respondence with  Smithsonian  Institution 238 

Origin  and  history  of  Smithsonian  Institution 328 

Scientific  writings  of  James  Smithson,  (edited  by) 827 

Bheometry,  electrical,  researches  on — A.  Skcchi 36 

Bhinobatidffi,  American,  synopsis  and  dcscriptipns  of— S.  Garman.     (P.  1880.)    429 
Bhinonemus  caudacuta,  identity  of  with  Oudus cimbrius — G.  B.  Goods;  T.  H. 

Bean.     (P.  1878) - - 882 


Digitized  by 


Google 


OF  SMITHSONIAN   PUBLICATIONS.  291 

Rhode  Island,  list  of  a1g»  of— S.  T.  Olnet —  241 

Bhode  Island,  Providence,  meteorological  observations  at,  1881-1860, 1881-1876— 

A.  Caswell-.- 103,443 

RhodospermeiB— W.  H.  Harvey *,  48 

RiDOWAY,  R. — 

Catalogue  of  birds  of  North  America.     (P.  1880) 426 

Catalogue  of  Old  World  birds  in  U.  S.  National  Museum.     (P.  1881)  —  467 

Catalogue  of  TroehilidcB  in  XJ.  S.  National  Museum.     (P.  1880)- 426 

Description  of  new  fly-catcher  and  new  petrel  from  Sandwich  Islands. 

(P.  1881) - - - 467 

Description  of  new  owl  from  Porto  Rico.     (P.  1881) 467 

Description  of  new  species  of  birds  from  Costa  Rica  and  notes  on  rare 

species.     (P.  1878) 882 

Descriptions  of  new  species  and  races  of  American  birds  and  synopsis  of 

genus  Tt/ranntM,     (P.  1878) 882 

Descriptions  of  new  species  and  raees  of  birds  in  U.S.  National  Museum. 

(P.  1878)- - 882 

Descriptions  of  two  new  thrushes  from  the  United  States.     (P.  1881)  —  467 

List  of  special  desiderata  among  North  American  birds.     (P.  1881) 467 

List  of  species  of  Middle  and  South  American  birds  not  in  National 

Museum.     (P.  1881) 467 

Nomenclature  of  North  American  birds  chiefly  in  National  Museum 422 

Notes  on  some  Costa  Rican  birds.     (P.  1881) _..  467 

On  Anumlia  Tucatanetma  and  AmazUia  eirviniventris,     (P.  1881) 467 

On  duck  new  to  American  fauna.     (P.  1881) 467 

On  new  humming  bird,  Atthis  Elliottij  from  Guatemala.     (P.  1878) 882 

On  two  recent  additions  to  North  American  bird  fauna  by  L.  Bolding. 

(P.  1881)- — _ 467 

Review  of  American  species  of  genus  Scopa,     (P.  1878) 882 

Review  of  genus  Centurua.     (P.  1881.) 467 

RiSD,  A.    Human  remains  from  Patagonia.     (R.  1862) . 160 

RiGGS,  S.  R.    A  dog's  revenge  (Dakota  fable.)     (E.  1879-80) 476 

Rioos,  S.  R.    Grammar  and  dictionary  of  Dakota  language 40 

Ripley,  Port,  Minnesota,  natural  history  of  the  country  about — J.  B.  Head. 

•     (R.  1864) - 76 

Rissoidae,  fresh-water— W.  G.  Binney 144 

River,  Kennebec,  opening  and  closing  of  the — R.  H.  Gardiner.     (R.  1868)  ..  109 
Rivers — 

dates  of  opening  and  closing  of— P.  B.  Hottoh 182 

diminution  of  water  in— H.  G.  Wex.     (R.  1876) 298 

improvement  of  navigation  of— C.  Ellet,  Jr «._.  18 

method  of  ascertaining  amount  of  water  in — A.  A.  Humphreys.  (R.  1868)  109 

Roads  and  bridges,  lectures  on— F.  Rogers.     (R.  1860;  R.  1861)...^ 147, 149 


Digitized  by 


Google 


292  ALPHABETICAL  INDEX 

B0BKBT8ON,  R.  S. — 

Age  of  stone  and  troglodytes  of  Breckenridge  county,  Kentucky.     (B. 

1874) _ 2M 

Antiquities  of  Allen  and  De  K.alb  counties,  Indiana.     (B.  1874) 286 

Antiquities  of  La  Porte  county,  Indiana.     (R.  1874) 286 

Antiquities  of  Nashville,  Tennessee.     (R.  1877) —  82S 

R0BIK8OK,  B.,  and  others.    On  publication  of  Spanish  works  on  New  Mexico. 

(R.  1866) 77 

Robinson,  E.,  and  others.     On  publication  of  Squier  and  Davis'  ancient  monu- 
ments    K 

Rock  Bluff,  Illinois,  description  of  human  skull  from — J.  A.  Mxios.    (R.  1867.)  215 

Rock-oil,  or  petroleum,  history  of— T.  S.  Hunt.     (R.  1861) 149 

Rock  river  valley,  Illinois,  mound  builders  in — J.  Shaw.     (R.  1877) S2S 

Rocks^ 

catalogue  of— J.  W.  Postbb.     (R.  1864) 75 

catalogue  of— 0.  T.  Jackson.    (R.  1864) 75 

caUlogue  of— J.  Lockb.     (R.  1854) 75 

catalogue  of— J.  D.  Whitney.     (R.  1864) 75 

crystalline,  metamorphism,  and  formation  of — G.  A.  DAUBKis.  (R.  1861.)    149 
in  Green  river  valley,  Indian  engravings  on  face  of— J.  G.  BRurr.     (K 

1872) 271 

Rocky  Mountain  goat,  habits  of  the— J.  C.  Merrill.    (P.  1879) SS8 

Rodent,  rare,  (Crieetodipus  parvu8)-^F,  W.  Trub.     (P.  1881) 467 

RoBHBiG,  P.  L.  O.    Language  of  Dakota  or  Sioux  Indians.     (B.  1871)...  249,  378 

Rogers,  P.     Lectures  on  roads  and  bridges.     (R.  1860 ;  R.  1861) 147, 149 

Rogers,  W.  B.     Memorial  address  on  Joseph  Henry 856 

Rome,  Pontifical  Academy — See  Prize  questions. 

RoHER,  P.  P.     Prehistoric  antiquities  of  Hungary.     (R.  1876) 299,  440,  392 

Romero,  M.     Bxplorations  of  John  Xantus  in  Mexico.     (R.  1862) 150 

Rosing,  J.     Exchange  system.     (R.  1866) 209 

Ross,  B.  R.     Eastern  Tinneh  Indians.     (R.  1866) 214,  365 

Ross,  B.  R.    Observations  in  Hudson's  Bay  Territory.     (B.  1859) 110 

Botary  motion,  problems  of— J.  G,  Barnard 240 

BoTHROCK,  J.  T.     Sketch  of  flora  of  Alaska.     (B.  1867). - 216,*867 

Botterdam,  Batavian  Society  of  Experimental  Philosophy  of.     Prize  questions. 

(B.  1861) -. 149 

Boyal— 

Academy  of  Netherlands.     Prize  questions.     (B.  1861)  ._i 149 

Academy  of  Science,  Madrid.     On  exchanges.     (B.  1861) 149 

Danish  Society  of  Sciences.  Prize  questions.  (B.  1862, 1866, 1867.)  150.209,216 

Horticultural  Society,  London.     Exchange  of  publications.     (B.  1861)..    149 

Institution  of  Great  Britain,  history  of— E.  Mailly.     (B.  1867) 2U 

Prussian  Academy  of  Sciences.     Prize  questions.     (B.  1864) « „     188 


Digitized  by 


Google 


OF   SMITHSONIAN   PUBLICATIONS.  298 

Boyal — (!k>ntiDued. 

Scientific  and  Literary  Institute  of  Lombardy.   Prize  questions.  (R.  1865.)  209 

Society  of  London,  list  of  Smithson's  papers  presented  to.     (R.  1868.)  67|  830 
Society  of  London,  notice  of  Smithson,  by  D.  Gilbert,  president  of.     (R. 

1858) . - - 67,  880 

Society  of  London,  origin  and  history  of— 0.  A.  Albxanbbr.     (R.  1868.)  187 

Society  of  Victoria,  address  of  president  of— R.  L.  J.  Ellert.     (R.  1868.)  224 

RoTCX,  0.  G.     Cessions  of  land  by  Indian  tribes  to  United  States.     (B.  1879>80.)  476 

Ruin,  ancient,  in  Arizona— J.  C.  T.  Lbe.     (R.  1872) 271 

Ruins — 

at  Savannah,  Tennessee— J.  P.  Stelle.     (R.  1870) 244 

in  Hardin  county,  Tennessee — J.  P.  Stelle.     (R.  1870) —  244 

in  White  river  caiion,  Pima  county,  Arizona — R.  T.  Burr.     (R.  1879.)  845 

Rules— 

for  cataloguing  libraries — C.  0.  Jewett „ 47 

for  examination  of  specimens.     (R.  1880) 442 

of  distribution  of  Smithsonian  publications ^ ^  290 

RuKKLB,  J.  D.    New  tables  for  determining  perturbation  of  planets 79 

RuKKLS,  J.  D.    Supplement  for  asteroid  perturbations _^ 94 

Rupert's  Land,  Institute  of,  circular  of  the.     (R.  1861) 149 

Rush,  R.— 

correspondence  of,  relative  to  Smithson 828 

letter  from,  relative  to  James  Smithson.     (R.  1853) 67,  828 

notice  of,  by  J.  A.  Pearce.     (R.  1859) 110 

Russell,  R.    Lectures  on  meteorology,  with  notes  by  J.  Henrt.     (R.  1854)—  75 

Russia,  meteorology  in— A.  Woeikoff.     (R.  1872) 271 

Russian  America — 

ethnological  investigations  in,  suggestions  for — G.  Gibbs 207 

suggestions  relative  to  objects  of  scientific  investigation  in — J.  Henrt..  207 
Tinneh  Indians  of— G.  Gibbs  ;  B.  Ross ;  W.  L.  Hardistt  ;  S.  Jones. 

(R.  1866) 214,  365 

Yukon,  journey  to  the— W.  W.  Kirby.     (R.  1864) 188 

RxTTiMEYER,  L.    Fauna  of  middle  Europe  during  the  stone  age.     (R.  1861)..  149 

Rtber,  J.  A.— 

Oamaraphysema,  a  new  type  of  sponge,     (P.  1880) 425 

List  of  North  American  species  of  myriapods  belonging  to  family  of 
LysiopetcUidcBj  with  description  of  blind  form  from  Luray  Cave,  Vir- 
ginia.    (P.  1880)-. -• 425 

On  Semper's  method  of  making  dry  preparations.    (P.  1881) 467 


Digitized  by 


Google 


294  ALPHABBXIOAL  UTDBZ 

s. 

Sabikx,  E.    Magnetic  storms.    (R.  1860) 147 

Sabinb,  £.    On  continuance  of  magnetic  observations.    (Ii»  1868) ....— 109 

Sable  Island  Bank,  description  of  Argentina  syrienauan^  new  deep-sea  fish  from — 

G.  B.  Goode;  T.  H.  Bian.     (P.  1878) 1 8» 

Sacken,  Osten — See  Osten  Sacken. 
Sacramento,  California — 

meteorological  observations  at— P.  W.  Hatch.    (R.  1854) 76 

meteorological  observations  at — ^T.  M.  Looan.     (R.  1864) 7$ 

meteorology  of— T.  M.  Logan.     (R.  1867) 107 

Sacramento  river,  description  of  new  species  of  Ptychoehilue  {PiychoehiUu  Har^ 

fordi)  from— D.  S.  Jordan;  0.  H.  Gilbbrt.     (P.  1881) 487 

Saint  Augustine,  Florida,  catalogue  of  casts  of  heads  of  Indian  prisoners  at— 

R.  H.Pratt.    (P.  1878) _ - — 8S 

Saint  Christopher,  West  Indies,  description  of  new  subspecies  of  saxigilla 

from— G.  N.  Lawrence.     (P.  1881) 467 

Saint  Croix  Island,  flora  of— H.  F.  A.  Eoobrs tit 

Saint  Gorge's  Banks,  occurrence  of  Hippoeampua  arUiquorum  on — G.  B.  €k>ODX. 

(P.  1878).. - — 182 

Saint  Hilaire,  Etienne  Geoffrey,  memoir  of,  by  M.  Flourens.     (B.  1861) Itt 

Saint  Hilaire,  Isidore  Gteoffroy,  memoir  of— J.  L.  QnATREFAQES.  (R.  1862)..  160 
Saint  John's  river,  Florida,  catalogue  of  fishes  of— G.  B.  Goode.  (P.  1879)  -.  S88 
Saint  John's  river,  Florida,  shell-heaps  at  mouth  of— S.  P.  Mayberey.     (B. 

Saint  Louis,  Missouri,  ancient  mound  in— T.  R.  Peale.     (R.  1861) 149 

Saint  Louis,  Missouri,  temperature  of— A.  Fendler.     (R.  1860) 147 

Saint  Martin,  Isle  Jesus,  Canada  Bast,  description  of  observatory  at— C.  Small- 
wood.     (R.  1866)— W 

Saint  Michael's,  Alaska,  occurrence  of  Hippoglossus  vulgaris  at — T.  H.  Beak. 

(P.  1879) 88S 

Saint  Michael's,  Alaska,  occurrence  of  SHchasue  punciatus  at — T.  H.  Bean. 

(P.  1878) - sa 

Saint  Petersburg  Academy  of  Sciences.     Exchange  system.     (R.  1867) 216 

Saint  Thomas — 

earthquakes  in— G.  A.  Latimer.     (R.  1867) 215 

hurricane  in  the  island  of— G.  A.  Latimer.     (R.  1867) 216 

whirlwind  at,  August  21,  1871— A.  Colding.     (R.  1877) 828, 898 

Saint  Vincent,  catalogue  of  Ober's  collection  of  birds  of— G.  N.  Lawrence. 

(P.  1878) - 882 

Salamander — 

habits  of  a  species  of— 0.  Mann.     (R.  1864) 76 

inhabiting  Wisconsin— P.  R.  Hoy.     (R.  1854) 76 

or  pouched  rat,  of  Georgia,  habiu  of— W.  Gesnbr.     (R.  1860) 147 


Digitized  by 


Google 


OF  SMITHSONIAN   PUBLICATIONS.  295 

Salisbury,  England,  notice  of  Blackmore  Museum  at.     (B.  1868) . —  224 

Salmon  in  Columbia  river,  Chinook  names  of— S.  B.  Smith.     (P.  1881) 467 

Salmonid«  of  upper  Columbia,  notes  on  the — C.  Bkndibb.     (P.  1881) 467 

Salt  deposit  on  Petite  Anse  Island— E.  W.  Hiloakd 248 

Salt  water,  preservation  of  copper  and  iron  in — A.  E.  Begqubbel.     (R.  1864.)  188 

Samoan  Islands,  fishes  from  the — T.  H.  Streets 808 

San  Diego,  California — 

description  of  new  gobioid  fish  {Otkonopa  eos)  from— B.  Smith.    ( P.  1881 .)  467 

description  of  new  species  of  Oobieaox  {Oobieaox  rheasodon)  from — B. 

Smith.     (P.  1881) 467 

notes  on  collection  of  fishes  from — D.  S.  Jordan  ;  C.  H.  Gilbert.     (P. 

1880) 426 

occurrence  of  species  of  cremnobates  at — B.  Smith.     (P.  1880) 425 

San  Francisco,  California — 

climate  of— H.  Gibbons.     (B.  1854) 75 

fishes  of— Sw  Jordan,  D.  S.,  Gilbert,  C.  H.,  Lockington,  W.  N. 

review  of  Pleuronectidas  of— W.  N.  Lockinqton.     (P.  1879) 888 

Sandwich  Islands,  description  of  new  fly-catcher  and  new  petrel  from — B. 

BiDQWAY.     (P.  1881) 467 

Sanitary  drainage  of  Washington,  suggestions  for  the.    Toner  lecture  No.  vm — 

G.  E.  Warinc^ - 349 

Santa  Barbara,  California,  pleistocene  fossils  collected  at,  by  B.  Jewett — P.  P. 

Carpenter 252 

Santa  Barbara  channel,  California,  description  of  two  new  species  of  scopeloid 

fishes  (Sudis  ringens  and  Myctophum  erenulare)  from — D.  S.  Jordan  ; 

C.  H.  Gilbert.     (P.  1880) - - 425 

Santa  Catalina  Island,   California,  description  of  new  fiounder   {Xysireurya 

liolepis)  from— D.  S.  Jordan;  C.  H.  Gilbert.    (P.  1880) 425 

Santa  Lucia  Cosumalwhuapa,  Guatemala,  sculptures  of— S.  Habel 269 

Santa  Itosa  Island,  history  and  antiquities  of— S.  Bowers.     (B.  1877) 823 

Sarcophagus  from  Beirut,  Syria,  account  of— A.  A.  Harwood.     (B.  1870) 244 

Sargent,  A.  A.,  and  others.     Beport  on  Museum.     (B.  1876) 299 

Sargent,  W.  D.     Influence  of  aurora  on  the  telegraph.     (B.  1870) 244 

Sargus  Holbrookii,  a  new  sparoid  flsh  from  Savannah  Bank,  description  of — 

T.  H.  Bean.     (P.  1878) - 832 

Sartorius,  C.     Earthquakes  in  eastern  Mexico,  January,  1866.     (B.  1866)...  214 

Sartorius,  C.    Eruption  of  volcano  of  Colima.     (B.  1869) 228 

Saturn,  secular  variations  of  elements  of  orbit  of,  with  tables — J.  N.  Stock- 
well  232 

Saunders,  Commander.     Tidal  record  at  Wolstenholm  Sound,  1849,  1850 130 

Saussure — See  De  Saussure. 

Savage  weapons  at  Centennial  Exhibition,  study  of— E.  H.  Enight.     (B. 

1879) _ 346,  415 

Savannah,  Tennessee,  account  of  aboriginal  ruins  at — J.  P.  Stelle.     (B.  1870.)  214 


Digitized  by 


Google 


296  ALPHABBTIOAL   INDEX 

Savannah  Bank,  description  of  new  sparoid  fish  {Sargtta  HolbrookU)  from — T.  H. 

Bban.     (P.  1878) - 882 

Savaimah  river,  primitive  manufacture  of  spear  andarrow  points  along  line  of — 

C.  C.  Jones,  Jr.     (R.  1879) — .  846 

Sawkins,  J.  Q.,  drawings  of  Zapotec  remains  by 8G 

Sawkins,  J.  Q. ;  "Wall,  Q.  P.     Economic  geology  of  Trinidad.     (R..1856)—  91 

Scenery,  catalogue  of  sketches  of— J.  M.  Stanley 58 

Scheme  for  qualitative  determinations  by  the  blow-pipe — T.  Eqlkston.     (B. 

1872) 271 

Scheme  of  classification  for  collections  of  U.  S.  National  Museum — G.  B. 

GooDE.     (P.  1881) _ 1 '. 467,457 

Schebzeb;  ScHWARZ.     Table  of  anthropological  measurements.     (R.  1866)..  214 

ScHLAGiNTWEiT,  H.  Db.     Ethnographical  collections.     (R.  1862) 160 

Schlagintweit  ethnographic  collection,  account  of  the — H.  Ziboenbals.     (R. 

1867) - 21& 

Schleiden,  R.     Free  freight  between  Germany  and  United  States  by  North 

German  Lloyd.     (R.  1858) - 109 

Schoenbein,  0.  F.,  notice  of,  by  J.  Henry.     (R.  1868) 224 

Schoharie,  New  York,  Indian  relics  from — F.  D  Andrews.     (R.  1879) 846 

Schoodic  Lakes,  Maine,  description  of  new  species  of  Oasierosteus  from — ^T.  H. 

Bean.     (P.  1879) - 88S 

ScHOTT,  A.    Remarks  on  ancient  relic  of  Maya  sculpture.     (R.  1871) 249 

ScHOTT,  A.     Remarks  on  the  Cava  gigantesca  in  Yucatan.     (R.  1869) 228 

ScHOTT,  A. ;  Mason,  O.  T.     Leipsic  Museum  of  Ethnology.     (R.  1878) 275 

SOHOTT,  0.  A. — 

Base-chart  of  the  United  States 414 

Discussion  of  Caswell's  meteorological  observations  at  Providence,  Rhode 

Island 103 

Discussion  of  Oleaveland's  meteorological  observations  at  Brunswick, 

Maine ' 204 

Discussion  of  Hayes'  physical  observations  in  the  Arctic  Seas . 196 

Discussion  of  Hildreth's  and  Wood's  meteorological  observations  at 

Marietta,  Ohio 12Q 

Discussion  of  Kane's  astronomical  observations  in  the  Arctic  Seas 129 

Discussion  of  Kane's  magnetic  observations  in  the  Arctic  Seas 97 

Discussion  of  Kane's  meteorological  observations  in  the  Arctic  Seas 104 

Discussion  of  Kane's  physical  observations  in  the  Arctic  Seas 190 

Discussion  of  Kane's  tidal  observations  in  the  Arctic  Seas 190 

Discussion  of  McGlintock's  meteorological   observations  in  the  Arctic 

Seas ^ 146 

Discussion  of  Smith's  meteorological  observations  made  near  Washing- 
ton, Arkansas * 131 

Tables,  distribution,  and  variation  of  atmospheric  temperature 277 

Tables  of  rain  and  snow  in  the  United  States 222,  353 


Digitized  by 


Google 


OF  SMITHSONIAN   PUBLICATIONS.  297 

ScHOTT,  0.  A.;  Etxrstt,  J.  D.    Underground  temperature.     (R.  1874) 286 

Bchulze — See  0lu89  &  Schulze. 

Schumacher,  P.    Ancient  graves  and  shell-heaps  of  California.     (R.  1874)  ..    286 

ScHUMACHSRi  P.    Kjdkken-moddings  on  the  northwest  coast  of  North  America. 

(R.  1878) 276 

SCHWARZ;  SoHSRZSR.    Table  of  anthropological  measurements.     (R.  1866)..    214 

Science — 

on  a  dominant  language  for — A.  I)e  Candolle  ;  J.  £.  Gray.    (R.  1874.)    286 
in  general)  relation  of  the  physical  sciences  to — H.  Hblhholtz.  (R.  1871. )    249 
recent  progress  in — See  Record, 
trust  fund  for  promotion  of,  in  the  United  States— J.  Tymdall.    (R.  1872)    271 

Science,  Agriculture,  and  Arts,  Society  of,  Lille — See  Prize  questions. 

Science,  Art,  and  Literature,  Society  of,  Hainaut — See  Prize  questions. 

Sciences,  Harlem  Society  of— ^e  Prize  questions. 

Sciences,  Letters,  and  Arts,  Society  of,  Dunkirk — See  Prize  questions. 

Sciences,  Natural,  Society  of,  Cherbourg — See  Prize  questions. 

Sciences,  Royal  Danish  Society  of^-See  Prize  questions. 

Scientific — 

character  and  researches  of  Sraithson — "W.  R.  Johnson — * . 827 

Congress  of  Carlsruhe,  1868— P.  J.  Nickles.     (R.  1860) 147 

cooperation — University  of  Toronto.    (R.  1861) 149 

education  of  mechanics  and  artisans— A.  P.  Peabody.    (R.  1872)..  271,  380 
exchanges — See  Exchanges. 

expedition  to  Mexico  by  French  Government.     (R.  1864) 188 

instructions  to  Capt.  Hall — J.  Henry  ;  J.  B.  Hilqard  ;  S.  Newcohb  ; 

S.  P.  Baird;  F.  B.  Meek;  L.  Agassiz.     (R.  1871) 249 

investigation  in  Russian  America,  suggestions  relative  to— J.  Henry —   207 

labors  of  Edward  Lartet— F.  Fischer.     (R.  1872.) —    271 

observations,  on  metric  system  for — A.  Guyot.     (R.  1848) I 

'  progress,  reports  of.     (R.  1880) 442,  427,  428,  429,  430,  431,  432 

researches  of  J.  C.  A.  Peltier— F.  A.  Peltier.     (R.  1867) 215 

societies,  local,  organization  of— J.  Henry.     (R.  1876) 298 

writings  of  Sir  Williana  Herschel—E.  S.  Holden  ;  C.  S.  Hastings. 

(R.  1880) — 442,  426 

writings  of  James  Smithson 827 

Scientific  and  Literary  Institute  of  Lombardy — See  Prize  questions. 

Scintillation  of  the  stars— C.  Dufour;  Kamtz..   (R.  1861) 149 

Scops,  review  of  American  species  of  genus— R.  Ridqway.     (P.  1878) 882 

SCUDDER,  S.  H. — 

Bibliography  of  orthoptera 189 

Catalogue  of  orthoptera  of  North  America 189 

Nomenclator  zodlogicus.     An  alphabetical  list  of  generic  names  of  recent 

and  fossil  animals 470 


Digitized  by 


Google 


298  ALPHABBTIOAL  INDEX 

SciTDDBB,  8.  H.y  and  others.    Insecta  of  Arctic  America '. 842 

Sculpture,  Maya,  remarks  on  ancient  relic  of— A.  Sohott.     (R.  1871) 249 

Sculptures  of  Santa  Lucia  Oosumalwhuapa  in  Guatemala — S.  Habel 269 

Scytalina  cerdale,  new  species  of  fish  from  Neah  Bay,  Washington  Territory, 

description  of— D.  8.  Jobdak;  C.  H.  Gilbert.    (P.  1880) 425 

Sea,  gradual  approach  of,  upon  land— S.  P.  Maybbrbt.     (B.  1867) 215 

Seas,  the  northern— J.  Babinbt.     (R.  1869) - 228 

Seaton,  W.  W.,  memoir  of,  by  J.  Hbnbt.  .  (R.  1866) 214 

Sebastichthys  carnatus,  new  species  of  rockflsh  from  coast  of  Oalifomia,  descrip- 
tion of— D.  S.  Jobdan;  C.  H.  Gilbebt.     (P.  1880) 425 

Sebastichthys  chrysomelas,  new  species  of  rockflsh  from  coast  of  California, 

description  of— D.  S.  Jobdan;  0.  H.  Gilbebt.     (P.  1880) 425 

Sebastichthys  entomelas,  new  species  of  Sebaaiiehihys  from  Monterey  Bay,  Cal- 
ifornia, description  of— D.  8.  Jordan;  C.  H.  Gilbebt.     (P.  1880) 425 

Sebastichthys  maliger,  new  scorpssnoid  flsh  from  coast  of  California,  description 

of— D.  S.  Jobdan;  C.  H.  Gilbebt.     (P.  1880) 425 

Sebastichthys  miniatus,  new  species  of  SehnsUchthys  from  Monterey  Bay,  Cali- 
fornia, description  of— D.  8.  Jobdan;  C.  H.  Gilbebt.     (P.  1880) 425 

Sebastichthys  mystinus,  description  of— D.  S.  Jobdan  ;  C.  H.  Gilbebt.  (P.  1881)    457 
Sebastichthys  proriger,  new  scorpsenoid  fish  from  Monterey  Bay,  California,  de- 
scription of— D.  8.  Jobdan;  C.  H.  Gilbebt.     (P.  1880) 425 

Sebastichthys  rhodochloris,  new  species  of  Sebastichthys  from  Monterey  Bay, 

California,  description  of— D.  8.  Jobdan  ;  C.  H.  Gilbebt.    (P.  1880)—    426 
Sebastichthys  serriceps,  new  species  of  rock  cod  from  coast  of  California,  de- 
scription of— D.  S.  Jobdan;  C.  H.  Gilbebt.    (P.  1880)— •- 425 

Sebastoid  fishes, description  of  seven  new  species  of— D.  S.  Jobdan;  C.  H.  Gil- 
bert.    (P.  1880) -   425 

Seochi,  a.    Researches  on  electrical  rheometry  — — . Z6 

Secretary  of  Smithsonian  Institution,  report  of— See  Henry,  J.,  Baird,  S.  P. 
Secretary  of  Treasury,  letter  to,  on  payment  of  interest  in  coin — J.  Hbnrt.  (B. 

1866) - 209 

Secular  period  of  aurora  borealis — D.  Olmsted 81 

Secular  variations  of  elements  of  planetary  orbits — J.  N.  Stockwell.    (R. 

1871) — —  249,232 

Seismograph,  electro-magnetic-Prof.  Palmierl     (R.  1870) 244 

Sema,  note  on— D.  S.  Jordan.     (P.  1880) 425 

Semper's  method  of  making  dry  preparations — J.  A.  Rtder.     (P.  1881) 467 

Senate  Judiciary  Committee,  report  of,  on  management  of  Smithsonian — A.  P. 

Butler.     (R.  1865) 77 

Senses,  the.    Sense  of  feeling,  sense  of  smell.     (R.  186^) . 209 

Senses,  the.    Sense  of  taste,  sense  of  hearing,  sense  of  sight.     (R.  1866) 214 

S5quard — See  Brown-S^uard. 

Series,  converging,  expressing  ratio  of  diameter  and  circumference  of  a  circle— 

W.  Ferrel - —  233 


Digitized  by 


Google 


OF  SMITHSONIAN   PUBLICATIONS.  299 

Seriola  Stearnsii,  new  species  of  amber  fish  from  Fensacola,  FloTida,  descrip- 
tion of—G.  B.  €k)0DE.    (P.  1879) _ 888 

Sermon  at  funeral  of  Joseph  Henrj — S.  S.  Mitghxll 866 

Serpent  venom,  bibliography  of— S.  "W.  Mitchbll 186 

Serpents,  catalogue  of— S.  F.  Baibd;  C.  Gibard 49 

Serpents,  lecture  on  nature  and  cure  of  bites  of— D.  Brain abd.     (R.  1864)  ...  76 
Seven  cities  of  Cibola,  Coronado's  march  in  search  of  the — J.  H.  Simpson. 

(R.  1869) -. - -  228 

Sexual  characters  of  eels— 8.  T.  Cattib.     (P.  1880) 426 

Shad,  western  gizzard,  Dorosoma  cepedianum  heterurum,  notes  on — S.  Wilmot. 

(P.  1878) - - 882 

Shakespeare,  E.  O.    The  nature  of  reparatory  inflammation  in  arteries  after 

ligature,  etc.    Toner  lecture  No.  vii «  321 

Shark,  the  oil,  of  southern. California,  {Galeorhinua  galeua) — D.  S.  Jordan; 

C.  H.  Gilbert.     (P.  1880) - 426 

Sharpless,  T.  J  Patterson,  R.    Phonography.     (R.  1866) 91 

Shaw,  J.     Mound-builders  in  Rock  river  valley,  Illinois.     (R.  1877) 828 

Shea,  J.  G.    Account  of  library  of  Indian  linguistics.     (R.  1861) 149 

Shea's  Indian  linguistics,  recommendation  of—G.  Gibbs  and  others.     (R.  1861.)  149 

Shell-bed  skull— A.  S.  Tiffany.    (R.  1874).— 286 

Shell-deposits,  artificial,  of  the  United  States— D.  G.  Bbinton.     (R.  1866.)  214,  440 

Shell-deposits,  artificial,  in  New  Jersey— 0.  Rau.     (R.  1864) 188,  862 

Shell  engravings  granted  by  British  Museum.     (R.  1868) 187 

Shellfish  and  their  allies,  lectures  on— P.  P.  Cabpentbb.     (R.  1860) 147, 152 

Shell-heap  in  Georgia— D.  Brown.     (R.  1871) —  249 

Shell-heaps— 

and  ancient  graves  of  California — P.  Schumacher.     (R.  1874) 286 

at  mouth  of  St.  John's  river,  Florida— S.  P.  Matberrt.     (R.  1877).—  828 

in  New  Brunswick— J.  Fowler.     (R.  1870) . 244 

of  Tampa  Bay,  Florida— S.  T.  Walker.     (R.  1879) 846 

on  Mobile  river,  Alabama— A.  S.  Gaines;  K.  M.  CuNNXNOHAiif.     (R. 

1877) 828 

Shell-mounds — See  Mounds. 
Shells- 
acknowledgment  for— W.  H.  Pease.     (R.  1861^ 149 

bibliography  of.     Parts  i,  ii— W.  G.  Binney 142, 174 

duplicate,  collected  by  United  States  exploring  expedition — C.  Wilkes.  193 
from  California,  description  of  new  species  of,  in  U.  S.  National  Museum — 

W.H.  Dall.     (P.  1878) 882 

from  Costa  Rica  kitchen-midden— W.  H.  Dall.     (P.  1878) 882 

landandfresh-water,instructionsforcollecting— J.  Lewis.  (R.  1866)  214,363 
land  and  fresh- water,  of  North  America : 

Part    I.  Pulnumata  geophila — ^W.  G.  Bikmet;  T.  Bland —  194 


Digitized  by 


Google 


300  ALPHABETICAL   INDEX 

Shells — Continued. 

land  and  fresh-water,  of  North  America : 

Part  II.  Pulmonata  limnophUa  and  ThaUatophila^W .  6.  Bikk by.  143 

Part  III.  AmpuUariidcB,  ValvatidcCf  (etc.) — W.  G.  Binnst 144 

Part  IV.  Sirepomaiidas  (AmericsLn  tnelanians) — G.  W.  Teyon,  Jr.  _.  253 

letter  on— J.  Lewis 26S 

North  American,  check-list  of— I.  Lka  j  P.  P.  Gabpenteb  ;  W.  Stimp- 

son;  W.  G.  Binney;  T.  Prime 128 

North  American,  circular  in  reference  to  collecting 176 

of  Gulf  of  California,  lectures  on  the— P.  P.  Carpenter.     (R.  1869)—  110 

of  Panama,  collected  by  C.  B.  Adams,  descriptions  of  new  species  and 

varieties  of  Chitonidce  and  Aemceidce  in — P.  P.  Carpenter 262 

presented  to  Academy  of  Natural  Sciences,  report  on — J.  Leidy  ;  G.  W. 

Tryon.     (R.  1865) ■— - 209 

request  for  duplicate— W.  E.  Logan.     (R.  1869)  .__ 110 

Shells— <S^e  MoUusca. 

Shepard,  C.  U.    Arrangement  of  mineralogical  collection.     (R.  1801) 149 

Shepard,  E.  M.    Deposit  of  arrow-heads  near  Fishkill,  New  York.     ( R.  1877. )  328 

Sherman,  W.  T.     Memorial  address  on  J.  Henry 856 

Sherman,  W.  T.     Report  of  National  Museum  Building  Commission,  1879, 

1880.     (R.  1879;  R.  1880) ^ 346,  442,  409,  434 

Shetland,  vegetable  colonization  of— C.  Martins.    (R.  1868)  — 109 

Shipping  fresh  fish  and  other  animals,  circular  relative  to — S.  F.  Baird 384 

Shoal  Lake,  Lake  "Winnipeg,  egging  expedition  to — D.  Gunn.     (R.  1867) 216 

Shooting  stars,  observations  on — S.  Masterman.     (R.  1867) • 107 

Short  memoirs  on  meteorological  subjects,  translated  by  C.  Abbe.  (R.  1877.)  323,  S9S 
Shoshone  Indians,  religion,  superstitions,  and  manners  of— A.  G.  Brackktt. 

(R.  1879) - - - 846 

Shufeldt,  R.  W.    Remarks  upon  osteology  of  0/)Aeo«auru«ven^a^M.  (P.  1881.)  467 

Siberia,  descriptions  of  new  fishes  from— T.  H.  Bean.     (P.  1881) 467 

Sibley,  H.    Meteorological  telegrams  by  Western  Union  Telegraph  Company. 

(R.  1862) - 160 

Sight,  sense  of.     (R.  1866) _ - _ 214 

Sign  language  among  North  American  Indians — G.  Mallery.     (B.  1879-80.)  475 

Sign  language  of  deaf  mutes-^G.  Mallery.     (E.  1879-80) 476 

SiluridsB  of  fresh  waters  of  North  America,  synopsis  of— D.  S.  Jordan 306 

Silver  coins,  assay  of,  at  United  States  Mint— J.  Pollock.  '  (R.  1868) 224 

Silver  coins,  foreign,  table  of.     (R.  1868)-- _  224 

Silvered-glass  telescope,  on  construction  of— H.  Draper ^ 180 

Simpson,  G.     Letter  to  officers  of  Hudson's  Bay  Company  relative  to  scientific 

researches 187 

Simpson,  J.  H.    Coronado's  march  in  search  of  the  seven  cities  of  Cibola. 

(R.  1869) -. 228 


Digitized  by 


Google 


OF  SMITHSONIAN   PUBLICATIONS.  301 

81M8OK,  E.     Meteorite  in  Mexico.     (R.  1867) 216 

Sioux  Indians— A.  G.  Braokett.     (R.  1876) - 299 

Sioux  Indians,  language  of  the— P.  L.  O.  Robhbio.     (R.  1871) 249,  878 

Sioux  nation  of  the  upper  Missouri— T.  A.  Oulbbbtson.     (R.  1860) 28 

Sioux — See  Dakota. 

Siredon  lichenoides,  observations  on — ^W.  E.  Oablin.     (P.  1881) 467 

Six  Nations,  wampum  belts  of  the— W.  M.  Beauchamp.     (R.  1879) 846 

Skeletons  of  birds,  suggestions  for  saving  parts  of— A.  Newtoit.     (R.  1860) 147 

Sketch  of— 

Academy  of  Science  of  Paris — M.  Floubens.     (R.  1862) 160 

ancient  earthworks  of  Ohio— I.  DiLLE.     (R.  1866) 214 

ancient  earthworks  on  upper  Missouri — A.  Babbamdt.     (R.  1870) ,'.  244 

flora  of  Alaska— J.  T.  Rothbock.     (R.  1867) 216,  867 

Navajo  Indians— J.  Lettbbman.     (R.  1865) 77 

scientific  work  of  Joseph  Henry — W.  B,  Tatlob 866,  339 

Sketches,  historical  and  bibliographical,  of  archsdology  of  United  States— S.  F. 

Haven 71 

Sketches  of  scenery,  catalogue  of— J.  M.  Stanley 68 

Skull— 

and  long  bones  from  mounds  near  Albany,  Illinois- R.  J.  Fabquhab- 

8ON.     (R.  1874) 286 

human,  from  Rock  Bluff,  Illinois,  description  of— J.  A.  Meios.  (R.  1867.)  216 

human,  present  state  of  ethnology  in  relation  to  form  of  the^A.  Retzius. 

(R.  1859) 110 

shell-bed,  from  Rock  Island,  Illinois— A.  S.  Tiffany.     (R.  1874) 286 

Skulls  and  mummy  from  Patagonia— A.  Ribd.     (R.  1862) 160 

Sloth  tribe  of  North  America,  extinct — J.  Leidy 72 

Smallwood,  O.    Description  of  observatory  at  St.  Martin,  Isle  Jesus,  Canada 

East.     (R.  1856) 91 

Smabt,  C.    Notes  on  the  Tonto  Apaches.     (R.  1867) 216 

Smell,  sense  of.     (R.  1865) 209 

Smelt,  surf,  of  northwest  coast,  and  method  of  taking  by  Indians — J.  G.  Swan. 

(P.  1880) - ^ 426 

Smith,  B.    Spanish  works  on  New  Mexico.     (R.  1855) 77 

Smith,  C.  D.     Ancient  mica  mines  in  North  Carolina.     (R.  1876) 299 

Smith,  J.  L.     Lecture  on  meteoric  stones.     (R.  1855) 77 

Smith,  J.  "W.  C.    Antiquities  of  Tazoo  county,  Mississippi.     (R.  1874) 286 

Smith,  N.  D.     Meteorological  observations  made  near  Washington,  Arkansas.  131 
Smith,  R.— 

Description  of  new  gobioid  fish  (Oth(mops  eoa)  from  San  Diego,  Cali- 
fornia.    (P.  1881) - .-.- 467 

Description  of  new  species  of  gobiesox  (Oohieeox  rheesodon)  from  San 

Diego,  California.     (P.  1881) \. 467 

Occurrence  of  species  of  cremnobates  at  San  Diego,  California.   (P.  1880.)  426 


Digitized  by 


Google 


802  ALPHABBTIOAL  IHBEX 

Smith,  S.  B.    On  the  Chinook  names  of  salmon  in  Oolambla  riTW.    (P.  1881.)    407 
Smith,  S.  I.— 

Crustaceans  of  Kergoelen  Island 294 

Notice  of  Crustacea  dredged  off  south  coast  of  New  England  in  1880.    (P. 

1880) ^ ^ 4JS 

Notice  of  new  species  of  WUUmcesia  group  of  Crustacea  (recent  £ryo»- 

tid<E.)    (P.  1879) - m 

Occurrence  of  Chetura  terebrans  (crustacean  destructive  to  Umber)  on 

coast  of  United  States.     (P.  1879) WS 

Smitbson  fiind,  memorial  of  Events  to  Congress  relative  to  the.     (B.  1850) 28 

Smithson,  James — 

act  of  Congress  to  receive  residuary  legacy  ot    (R.  1866) 214,  S29 

catalogue  of  library  of 830 

character  and  researches  of — "W.  R.  Johnson S27 

contributions  to  Annals  of  Philosophy  by.     (R.  1858) 67,  8S0 

exposition  of  bequest  of— J.  Hbnby B 

letter  from  Richard  Rush  relative  to.     (R.  1858) _  67,  S28 

letters  from  Fladgate,  Clark,  and  Finch,  relative  to.     (R.  1861) 149,  328 

life  of,  by  W.  J.  Rhkbs.     (R.  1879) . 846,  330 

list  of  papers  presented  to  Royal  Society  by.     (R.  1858) 67, 830 

notice  of,  by  D.  Gilbert,  president  of  the  Royal  Society.     (R.  1858)..  67,  880 

personal  effects  of — 828,  880 

scientific  writings  of 827 

will  of.     (R.  1858) - 67,  828,  880 

will  oC,  faC'Hmile  of 880 

works  and  character  of— J.  R.  McD.  Irby 827 

Smithson,  James,  and  his  bequest— W.  J.  Rhkss.     (R.  1879) 845,  330 

Smithsonian — 

building,  report  on  use  of  new  hall  in — L.  Aoassiz.     (R.  1867) 215 

Bulletin  No.  i.     Vocabulary  of  the  jargon 68 

Contributions  to  Knowledge — See  Contributions. 
Miscellaneous  Collections — See  Miscellaneous  Collections, 
publications— iSs^  Publications. 

publications,  catalogue  and  index  of— W.  J.  Rhkes ^.^^  4T8 

Reports — See  Reports. 

Smithsonian  Institution — 

act  to  establish — See  Congress. 

address  on  the— J.  Hbnbt.     (R.  1858) ^ B,  67 

business  arrangements  of  the 325 

directory  of  officers,  collaborators,  and  employ^  of  the 466 

establishment  and  officers  of  the  449 

Journals  of  Regents,  reports  of  committees,  statistics,  etc. — W.  J.  Rhebs.  329 
magnetic  observatory  at,  description  of— J.  £.  Hiloabd.     (R.  1859) 110 
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Smithsonian  Institution — Continued. 

origin  and  history  of — W.  J.  Rhsss 328 

report  of  American  Academy  of  Arts  and  Sciences,  on  the.    (R.  1858)..  07 
report  of  Senate  Judiciary  Committee  on  management  of— A.  P.  Butlbr., 

(R.  1865) - ^ 77 

views  and  plans  of  the— R.  D.  Owen P 

Snake  Indians,  religion,  superstition,  and  manners  of— A.  G.  Bbackett.     (R. 

1879) 846 

Snell,  E.  S.     Lecture  on  planetary  disturbances.     (R.  1866) 77 

Snell's  barometric  observations,  discussion  of—- F.  fi.  Loxn>.     (R.  1880)...  442,  435 

Snow — 

charts — See  Rain. 

electricity  during  fall  of— P.  Zantedesohi.     (R.  1870) 244 

gauge— W.  E.  Guest.     (R.  1868) 109 

gauges— R.  H.  Gardiner.     (R.  1868) 109 

line,  Norwegian— O.  E.  Drbutzer.     (R.  1866) 214 

observations  of ; 157 

tables  of  precipitation  in— C.  A.  Schott 222,  353 

Sntder,  J.  F.     Deposit  of  stone  implements  in  Illinois.     (R.  1876) 299 

Social  and  religious  condition  of  the  lower  races  of  man — J.  Lubbock.  (R.  1869.)  228 

Societies — 

list  of,  in  United  States  and  British  Provinces — W.  J.  Rhees 116 

local  scientific,  organization  of— J.  Henry.     (R.  1876) 298 

proceedings  of,  relative  to  Joseph  Honry 866 

publications  of,  in  Smithsonian  library,  1864, 1866, 1868, 1866.  73,  85, 117, 179 

Societies — See  Holland,  Belgium,  Publications. 

Society — 

•  Batavian,  of  Experimental  Philosophy,  Rotterdam.    Prize  questions.    (R. 

1861) 149 

Bath  and  West  of  England,  for  Encouragement  of  Agricultural  Arts,  etc. 

Exchange  system.     (R.  1867) 215 

for  Encouragement  of  Science,  Dunkirk — «9ee  Prize  questions. 

Society  of— 

Arts  and  Sciences,  Utrecht.     Prize  questions.     (R.  1861) 149 

Natural  History,  Portland,  Maine,  account  of— E.  0.  Bolles.    (R.  1,867.)    215 

Natural  Sciences,  Cherbourg — See  Prize  questions. 

Physics  and  Natural  History  of  Geneva — See  Geneva. 

Science,  Agriculture,  and  Arts  of  Lille — See  Prize  questions. 

Science,  Art,  and  Literature,  Hainaut — See  Prize  questions. 

Sciences,  Harlem — See  Prize  questions. 

Sciences,  Letters,  and  Arts,  Dunkirk — See  Prize  questions. 

Sciences,  Royal  Danish — See  Prize  questions. 

Victoria,  address  of  president— R.  L.  J.  Ellert.     (R.  1868) 224 
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SoHKCKE,  L.     Law  of  variation  of  temperature  in  ascending  moist  corrents  of 

air.     (R.  1877) 828,  898 

Solar- 
diurnal  variation  in  magnetic  declination — A.  D.  Bachk 118, 121 

diurnal  variation  in  vei;tical  component  of  magnetic  force — A.  D.  Bachx.    175 

eclipse  of  April  25,  1865— Baron  dk  Pbados.     (R.  1864) 188 

eclipse  of  July  18,  1860— J.  Lamont.     (R.  1864) 188 

system,  harmonies  of  the — 8.  Alexander — 280 

Solids,  specific  heat  of— F.  W.  Clarke 276 

Solids,  tables  of  expansion  of,  by  heat — F.  "W.  Clarke 289 

Solitary  wasps,  synopsis  of — H.  De  Saussurb 254 

SoNKTAG,  A.    Observations  on  terrestrial  magnetism  in  Mexico 114 

Sonora,  plants  collected  in,  by  C.  "Wright — A.  Gray 22 

Sound,  refraction  of— W.  B.  Taylor.     (B.  1876) 298 

Sound,  researches  in — J.  Henry.     (R.  1878) 841,  406 

Soundings,  microscopical  examination  of — J.  W.  Bailey 20,  23 

Sounds,  vocal,  of  Laura  Bridgman — F.  Libber 12 

South  America —    . 

birds  of,  not  in  U.  S.  National  Museum— R.  Ridoway.     (P.  1881) 467 

Caracas,  meteorology  of^G.  A.  Ernst.     (R.  1867) 216 

circular  relative  to  tjollections  of  birds  from _— 168 

rain-fall  in— C.  A.  Schott 222,853 

travels  in — S.  Habel 269 

South  Carolina — 

description  of  new  hake  from— T.  H.  Bean.     (P.  1880) 426 

fishes  of— D.  S.  Jordan  J  A.  W.  Brayton 306 

microscopical  observations  in — J.  "W.  Bailey 28 

Southern  Baptist  Missionary  Society.     Yoruba  grammar  and  dictionary 98 

Southern  States,  antiquities  in  the— H.  C.  Williams.     (R.  1880) 244 

Southern  States,  microscopical  observations  in  the — J.  W.  Bailey 23 

Space  and  time,  lecture  on  the  relations  of— S.  Alexander.     (R.  1861) 149 

Spainhoub,  J.     Antiquities  in  Lenoir  county.  North  Carolina.     (R.  1871) 249 

Spanish  vocabulary,  with  comparative  words  in  English,  French,  and  Latin 170    * 

Spanish  works  on  New  Mexico,  by  Buckingham  Smith,  communications  rela- 
tive to  publication  of.     (R.  1855).t 77 

Sparks,  J.,  and  others.    On  publication  of  Spanish  works  on  New  Meiico. 

(R.  1866) - 77 

Sparks,  J.,  and  others.     Report  of  American  Academy  of  Art  and  Sciences  on 

organization  of  Smithsonian  Institution.     (R.  1858) 67 

Sparoid  fish,  new,  (Sparus  brachysomiia,)  from  lower  California — W.  N.  Lock- 

INGTON.     (P.  1880) 425 

Sparrows  sent  to  United  States— W.  A.  Lloyd.     (R.  1867) 216 
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Sparus  bracbysomus,  new  sparoid  fisb,  from  lower  California,  description  of— 

W.  N.  LocKiNOTON.     (P.  1880) 426 

Specific  gravity — 

bibliography  of— P.  W.  Clarke 266 

of  sea  water — D.  "Walker 146 

tables.     Constants  of  Nature,  Part  i— F.  W.  Clarke _ 255 

tables.    First  supplement  to  Constants  of  Nature,  Part  i — F.  "W.  Clarke.  288 

Specific  beat,  bibliography  of— F.  W.  Clarke 276 

Specific  heat  tables.     Constants  of  Nature,  Part  ii — F.  W.  Clarke 276 

Specimens — 

acknowledged  by  British  Museum.    (R.  1866) 209 

acknowledged  by  Chicago  Academy  of  Sciences.     (R.  1867) 216 

authority  to  collectors  of  customs  to  receive  and  transmit  to  Smithsonian 

Institution .. 84 

authority  to  naval  officers  to  receive  and  transmit  to  Smithsonian  Insti- 
tution   - 84 

authority  to  quartermasters  of  War  Department  to  receive  and  transmit 

to  Smithsonian  Institution 84 

derived  from  expeditions— S.  F.  Baird.     (R.  1867) ^ 216 

exchange  of— Hamburg  Zoological  Gardens.     (R.  1867) 216 

exchange  of— W.  A.  Lloyd.     (R.  1867) — 216 

exchange  of— University  of  Costa  Rica.     (R.  1867) 216 

exchange  of— University  of  Greece.     (R.  1867) 216 

from  Brazil,  presented— M.  M.  Lisboa.     (R.  1866) 209 

large  myological,  rapid  preparation  of— F.  Plateau.     (P.  1881) 467 

of  flamingo  from  south  Florida,  presented— G.  Wurdeman.     (R.  1860.)  147 
of  natural  history,  directions  for  collecting,  preserving,  and  transport- 
ing—S.  F.  Baird.     (R.  1866) 91,  34 

presented,  circular  sent  with— J.  Henry.     (R.  1872) 271 

receipts  and  distribution  of.     (R.  1880) 442 

rules  for  examination  of.     (R.  1880) —  442 

Spectrum  analysis  applied  to  the  heavenly  bodies— W.  Hugoins.     (R.  1866)  —  214 

Spencer's  telescope,  examination  of,  for  Hamilton  College.     (R.  1866) 77 

Spheres,  tangencies  of— B.  Altord t 80 

Spleen,  observations  on — J.  Jones 82 

Sponge,  a  new  type  of,  (Camaraphysema) — J.  A.  Ryder.     (P.  1880) 426 

Spruce  Creek  valley,  Pennsylvania,  account  of  tornado  in — J.  B.  Meek.     (R. 

1871) - - 249 

Squalius  alicise  from  Utah  Lake— P.  L.  Jouy.     (P.  1881) 467 

Squier,  B.  G.    Aboriginal  monuments  of  State  of  New  York 15 

Squier,  E.  G.    Antiquities  of  Nicaragua.     (R.  1860) 28 

Sqitier,  £.  G.,  and  others.     On  publication  of  Spanish  works  on  New  Mexico. 

(R.  1866)  - « 77 
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Squibb,  £.  G. ;  Dayib,  C.  H.  Ancient  monuments  of  the  Mississippi  Tslley.  1 
Squier,  £.  G.;  Davis,  0.  H.,  correspondence  relative  to  memoir  by.  (R.  1847.)  H,  K 
Stanley's  gallery  of  Indian  portraits,  report  of  Committee  of  R^ents  on  the. 

(R.  1867) -  107 

Stanley,  J.  M.     Catalogue  of  portraits  of  North  American  Indians 53 

Stanton,  E.  M.     Deposit  of  Beaufort  Library.     (R.  1862) 160 

Star  clusters,  bibliography  of— E.  8.  Holdbn 811 

Stars— 

index-catalogue  of— E.  S.  Holbbn , ^  311 

movement  of,  around  a  central  point — J.  H.  Maedler.     (R.  1869) 110 

near  the  North  Pole,  map  of,  for  observations  on  auroras 350 

scintillation  of  the— C.  Dufoub;  Kamtz.     (R.  1861) 149 

State  Department.     Circular  to  diplomatic  agents  relative  to  Morgan's  research.  138 

Statement  and  exposition  of  harmonies  of  the  solar  system — S.  Alexander 280 

Stations,  meteorological,  of  Smithsonian  Institution  (See^  also^  List) 373 

Statistics  of— 

•British  Museum— S.  F.  Baibd.     (R.  1850) 28 

Norwegian  mountains,  lakes,  and  snow  line-»0.  E.  Dreutzer.  (R.  1866.)  214 

Smithsonian  Institution,  finances,  exchanges,  etc.,  1846-1877 3^ 

Statue  of  Joseph  Henry,  proceedings  of  Congress  relative  to 366 

Statues,  on  plaster  casts  of— W.  J.  Stone.     (R.  1855) 77 

Stearns,  J.    Translation  of  Babinet  on  diamonds  and  precious  stones.     (R. 

1870) — 244,377 

Stearns,  S.,  catalogue  of  fishes  from  Ponsacola,  collected  by — G.  B.  Goode  ;  T.  H. 

Bean.     (P.  1879) - 338 

Stearns,  S.,  description  of  new  species  of  amber  fish  {Seriola  SteamHi)  obtained 

near  Pensacola,  by— G.  B.  €k)ODE;  T.  H.  Bean.    (P.  1879) 333 

Stearns,  S.    Note  on  Gulf  menhaden,  Brevoortia  paironus.     (P.  1878) 332 

Stebbins,  R.  p.     Memoir  of  Louis  Agassiz.     (R.  1878) 275 

Steindachner,  F.     'Note  on  Percajlavescens.     (P.  1878) 882 

Stbjneqer,  L.     Description  of  two  new  races  of  Myadestes  obscums.    (P.  1881. )  467 

Stellb,  J.  P.   Account  of  aboriginal  ruins  in  Hardin  Co.,  Tennessee.  (R.  1870.)  244 

Stelle,  J.  P.     Account  of  aboriginal  ruins  at  Savannah,  Tennessee.  (R.  1870.)  244 

Stephenson,  M.  P.     Account  of  ancient  mounds  in  Georgia.     (R.  1870) 244 

Stephenson,  M.  P.    Mounds  in  Bartow  couniy,  Georgia.     (R.  1872) 271 

Stereotype  catalogue  of  public  libraries,  report  of  Commissioners  on.  (R.  1860.)  28, 47 

Stereotyped  titles  for  library  catalogues — C.  C.  Jewett 47 

Stevens,  H.     Prospectus  of  a  bibliographia  Americana.     (R.  1848) I 

Stevens,  J.  A.     Memoir  of  George  Gibbs.     (R.  1878) 276 

Stevenson,  J.  Report  of  explorations  in  New  Mexico  and  Arizona.  (R.  1880.)  442 
Stewart,  B.  Experiments  on  aneroid  barometers  at  Kew  Observatory.  (R.  1868. )  224 
StichsBUS  punctatus,  occurrence  of,  at  St.  Michael's,  Alaska — T.  H.  Bean.     (P. 

1878) - 882 
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8TIMP80N,  W.— 

Ohock-list  of  the  shells  of  North  America 128 

On  collection  and  preservation  of  marine  invertebrates 84 

Researches  upon  the  Hydrobiince  and  allied  forms 201 

Synopsis  of  the  marine  invertebrata  of  Grand  Manan 50 

Stock-in-trade  of  an  aboriginal  lapidary— C.  Rah.     (R.  1877) 328,  440,  402 

Stockholm  Academy  of  Sciences.     Acknowledgment  of  birds.     (R.  1867) 216 

Stockwell,  J.  N.     Secular  variations  of  elements  of  orbits  of  the  eight  prin- 
cipal planets.     (R.  1871)1 249,232 

Stone,  W.  J.    On  plaster  casts  of  statues.     (R.  1865) 77 

Stone — 

celts  in  the  "West  Indies  and  Africa— G.  J.  Gibbs.     (R.  1877) 828 

cists  near  Highland,  Madison  county,  Illinois — A.  Oehler.     (R.  1879.)    845 

drilling  in,  without  metal— C.  Rau.     (R.  1868) 224,  440,  372 

image  in  Tennessee,  account  of  discovery  of— E.  M.  Grant.     (R.  1870.)    244 

implements,  North  American— 0.  Rau.     (R.  1872) 271,  440,  382 

Stone  age — 

and  the  troglodytes  of  Breckinridge  county,  Kentucky — R.  S.  Robert- 
son.    (R.  1874) - _1- 286 

fauna  of  middle  Europe  during  the— L.  Rutimetbr.     (R.  1861) 149 

in  New  Jersey— 0.  C.  Abbott.     (R.  1876) 298,  394 

Stone  period,  North  American,  agricultural  implements  of  the — 0.  Rau.     (R. 

1868) - .-.- - 187.440 

Stones,  precious— J.  Babinbt.     (R.  1870) — — _ 244,  877 

Storm  in  Butler  county,  Kansas,  June  28,  1871— W.  Harrison.     (R.  1871)—    249 
Storms — 

in  Europe  and  America,  December,  1886 — B.  Loomis 127 

magnetic— E.  Sabine.     (R.  1860) 147 

of  1869— J.  H.  Coffin 182 

thunder,  instructions  for  observations  of— J.  Henry 286 

Strain  and  over-action  of  the  heart.     Toner  lecture  No.  iii — J.  M.  Da  Costa.    279 

Strait  of  Juan  de  Puca,  Indians  of— J.  G.  Swan 220 

Strait  of  Juan  de  Fuca,  description  of  new  species  of  Paralepia  {Paralepia  cortU' 

cans)  from— D.  S.  Jordan;  C.  H.  Gilbert.     (P.  1880) 425 

Strang,  J.  J.     Natural  History  of  Beaver  Island,  Michigan.     (R.  1864) 76 

Streets,  T.  N.    Contributions  to  natural  history  of  Hawaiian  Islands,  Fanning 

Islands,  and  lower  California 808 

Strepomatidae  (American  melanians)—G.  W.  Tryon  253 

Stricklandia  Davidsoni,  note  on  the  occurrence  of,  in  Georgia — C.  A.  White. 

(P.  1880) - 426 

Stricklandia  Salteri,  note  on  the  occurrence  of,  in  Georgia — C.  A.  White. 

(P.  1880).. - 425 

Strong,  M.     Antiquities  in  Wisconsin.     (R.  1877) . 828 
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Strong,  M.    Observations  on  the  prehistoric  mounds  of  Grant  oounty,  Wia- 

consin.     (R.  1876) 2W 

Structure,  internal,  of  the  earth — J.  G-.  Barnard 310 

Structure  of  cancerous  tumors.    Toner  lecture  No.  i — J.  J.  Woodward 266 

Structures,  aboriginal,  in  Georgia— 0.  C.  Jonks,  Jr.     (R.  1877)  - 328,  400 

Study  of— 

chionis  minor — J.  H.  Kidder;  E.  Ooues •-    294 

high  antiquity  in  Europe,  lecture  on— A.  Morlot.  (R.  1862;  R.  1864.)  160,  188 

jade— S.  Blondel.     (R.  1876) - 2» 

mortuary  customs  of  North  American  Indians — H.  C.  Yarrow.     (E. 

nature  and  mechanism  of  fever.     Toner  lecture  No.  IT — H.  C.  Wood  ..     282 

phenomena  of  contact— T.  L.  Phipson.     (R.  1862) '. 160 

physiology  of  fever — H.  0.  Wood 357 

savage  weapons  at  the  Centennial — E.  H.  EInioht.     (R.  1879) 845,  415 

skulls  and  long  bones  from  mounds  in  Illinois — R.  J.  Farquh arson. 

(R.  1874)- -. _ 286 

trunk  fishes,  Oatracioniidcs^Q,  B.  Goode.     (P.  1879) «» 

Studies  in  Central  American  picture  writing— E.  S.  Holdbn.     (B.  1879-80)  ..    476 

Subcutaneous  surgery.     Toner  lecture  No.  vi — W.  Adams 302 

Sudis  ringens,  new  species  of  scopeloid  fish  from  Santa  Barbara  channel,  Cali- 
fornia, description  of— D.  S.  Jordan;  C.  H.  Gilbert.     (P.  1880) 426 

SuESS,  E.     Boundary  line  between  geology  and  history.     (R.  1872) 271 

Suggestions — 

for  ethnological  researches  in  Russian  A  merica — G.  Gibbs ^    207 

for  forming  collections  of  birds*  eggs — A.  Newton 189 

for  meteorological  observations  in  Russian  America — J.  Henry 207 

for  sanitary  drainage  of  Washington  city — G.  E.  Waring 349 

for  saving  parts  of  the  skeletons  of  birds — A.  Newton.     (R.  1860) 147 

relative  to  ethnological  map  of  North  America — L.  H.  Morgan.  (R.  1861.)  149 
relative  to  objects  of  scientific  investigations  in  Russian  America — J. 

Henry;  S.  F.  Baird 207 

to  beginners  in  botany— L.  F.  Ward 460 

Sulphurous  acid,  action  of,  upon  putrefactive  bacteria.     (P.  1881) 467 

Sumichrast,  F.,  birds  of  Mexico,  collected  by — G.  N.  Lawrence 2^5 

Summary  of  anthropological  correspondence  previous  to  1880 — O.  T.  Mason. 

(R.  1879) - »46 

Sun- 
chemical  analysis  of  the — A.  Laugel.     (R.  1861) 149 

disk  of  the,  external  appearance  of.     (R.  1866) 214 

eclipse  of  the,  September  7,  1858— J.  M.  Gilliss 100 

eclipse  of  the,  March  16,  1868— T.  Hill 101 

eclipse  of  the,  April  26,  1866— M.  De  Prados.     (R.  1864) 188 

relative  intensity  of  heat  and  light  of  the— L.  W.  Mbxgh.     (B.  1866.)  01,  88 
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SuKDXBLAND,  B.     Prayer  at  memorial  of  Joseph  Henry 856 

Bun's  distance,  means  available  for  correcting  measures  of  the — G.  B.  Aibt. 

(R.  1869J - - 110 

Superstitions  of  Shoshone  Indians — A.  G.  Bbackett    (R.  1879) 845 

Supplement,  asteroid,  to  new  tables  of  planetary  motion — J.  D.  Bunkls 94 

Surgery,  subcutaneous.    Toner  lecture  No.  vi — W.  Adams j ^  302 

Surgical  complications  and  sequels  of  continued  fevers.    Toner  lecture  No.  t — 

W.  W.  Kbbn - _..  300 

Survey — 

in  Michigan,  catalogue  of  rocks,  minerals,  and  ores  collected  in  the^G.  T. 

Jackson.     (R.  1854) 75 

magnetic,  of  Pennsylvania  and  parts  of  adjacent  States — A.  D.  Baohb.  166 
of  economic  geology  of  Trinidad — Q.  P.  Wall  ;  J.  G.  Sawkiks.     (B. 

1856) , 91 

of  State  of  New  York— B.  G.  Squibb 15 

Surveying  expedition,  North  Pacific,  natural  history  of— T.  H.  Stbbbts 303 

Surveys,  Government — See  Explorations. 

Swan,  J.  G.— 

Eulachon,  or  candlefish  of  northwest  coast.     (P.  1880) 426 

Haidah  Indians  of  Queen  Charlotte's  Islands,  British  Columbia 267 

Makah  Indians  of  Cape  Flattery,  Strait  of  Fu«a _ 220 

Makah  vocabulary 220 

Surf  smelt  of  the  northwest  coast,  and  mode  of  taking  them  by  the 

Quillehute  Indians  of  west  coast  of  Washington  Territory.  (P.  1880.)  425 

Sweden,  Stockholm,  Academy  of  Sciences.  Acknowledgment  of  birds.  (R.  1867. )  21 5 

Switzerland — 

Coneise,  archssological  researches  made  at — F.  Tboton.     (R.  1861) 149 

Crania  helvetica— F.  Tboton.     (R.  1864) ^.  188 

lacustrian  cities  of— F.  Tboyon.     (R.  1861) 149 

lacustrian  settlements  in,  abstract  of  Dr.  Keller's  report  on — A.  Moblot. 

(R.  1868) - - - 187 

Lake  of  Neuchatel,  palaflttes  or  lacustrian  constructions  of— £.  Dbsob. 

(R.  1865) - 209,  360 

Lausanne,  Cantonal  Museum  at,  antiquarian  and  ethnological  collections 

of  the— F.  Tboton.     (R.  1861) 149 

lecture  on— A.  D.  Bachb.     (R.  1870) 244 

Syllabus  of  a  course  of  lectures  on  physics — J.  Hbnbt.     (R.  1856)-.-„. 91 

Symbols  for  charts  of  prehistoric  archieology,  international  code  of — G.  db 

Mobtillbt;  E.  Chantbe.     (R.  1875) 298 

Symbols  used  by  James  Smithson . 827 

Synopsis  of— 

American -KAino&a^irfcB—S.  Gabman.     (P.  1880) 425 

American  wasps,  solitary  wasps — H.  Db  Saussubb 254 

catostomidsB — D.  S.  Jobdan 808 
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Synopsis  of— Continued. 

marine  invertebrata  of  Grand  Manan — ^W.  Stimpson 50 

North  American  lepidoptera — J.  G.  Morris 133 

North  American  neuroptera— H.  Haqen;  P.  K.  Uhlxr 134 

pediculate  fishes  of  east  coast  of  extra  tropical  North  America — ^T.  Gill. 

(P.  1878). 882 

scientific  writings  of  Sir  William  Uerschel — E.  S.  Holdkk  ;  0.  S.  Has- 
tings.    (R.  1880) 442,  42e 

siluridsB  of  fresh  waters  of  North  America — D.  S.  Jordait 808 

trochilidsB— D.  G.  Blliott 317 

useful  and  injurious  animals — G.  B.  Goods 297 

Synoptical  tables  of  characters  of  mammals — T.  Gill 280 

Synthetic  experiments  relative  to  meteorites — G.  A.  Daubr6s.     (R.  1868) 224 

Syria,  Beirut,  sarcophagus  from—A.  A.  Habwood.     (R.  1870) 244 

System — 

meteorological,  of  Smithsonian  Institution — E.  Forbman.     (R.  1851; 

R.  1852) — - 51,67 

of  accounts  adopted  by  Board  of  Regents.     (R.  1866)— 214 

of  combined  meteorological  observations,  report  on,  by  committee  of 

American  Association  for  Advancement  of  Science.     (R.  1851) 51 

of  numeration,  improved,  report  on — W.  B.  Taylor.     (R.  1867) 215 

of  weights  and  measures,  new — G.  H.  Eniqht.     (R.  1867) 215 

solar,  harmonies  of  the — S.  Albxanoer 280 

Systematic — 

index  of  Smithsonian  publications.     (R.  1868) ^. 224,  478 

index  to  list  of  foreign  correspondents 257 

list  of  batrachia  and  reptilia— -E.  D.  Copb 292 

review  of  classification  of  birds — W.  Lilljeborg.     (R.  1865) 209,  864 

Systems  of  consanguinity  and  affinity  of  the  human  family — L.  H.  Moboak..   218 

Systems  of  relationship  of  Oree  Indians — B.  A.  Watkins.    (R.  1862) . 150 
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Table  of— 

anthropological  measurements — Sohsbzbr  ;  Sohwakz.  ■  (B.  1866) 214 

chemical  equivalents  of  sixty-three  elements.     (R.  1864) 188 

distribution  of  birds— G.  N.  Lawrxncb.     (P.  1878) 882 

foreign  gold  and  silver  coins.     (R.  1868) 224 

Tables- 
asteroid— J.  D.  RuNKLB : 94 

barometrical — A.  Guyot 168 

for  conversion  of  centigrade  degrees  to  Fahrenheit's  scale.     (R.  1868)  ..    187 
for  determining  values  of  coefficients  in  perturbative  function  of  planetary 

motion  which  depend  on  ratio  of  mean  distances — J.  D.  Runklb..     79 

hygrometrical — A.  Gutot - 168 

hypsometrical— A.  Guyot — 168 

meteorological — A.  Guyot 31, 153 

metric— H.  A.  Newton.    (R.  1866) 209,  371 

miscellaneous — A.  Guyot 168 

mortality,  methods  of  interpolation  applied  to.     Parts  i,  ii— £.  L.  Db 

Forest.    (R.  1871;  R.  1878) 249,  276 

of  atmospheric  temperature — C.  A.  Schott _ 277 

of  constants  of  nature  and  art— C.  Babbaob.     (R.  1856) .— 91 

of  expansion  by  heat.    Constants  of  Nature,  Part  iii — F.  W.  Clarke.   289 

of  meteorological  corrections — A.  Guyot 168 

of  motion  of  Neptune— S.  Nbwcomb  — 199 

of  motion  of  Uranus— S.  Nbwcomb 262 

of  precipitation  in  rain  and  snow— C.  A.  Schott ^ 222,  353 

of  variations  of  elements  of  orbits  of  the  eight  principal  planets — J.  N. 

Stockwbll 282 

of  weights  and  measures,  English  and  French.     (R.  1868-1865.)  187,  188,  209 

of  winds  of  the  globe-r-J.  H.  Coffin  ;  S.  J.  Coffin 268 

physical— A.  Guyot 153 

psychrometrical — J.  H.  Coffin 87 

specific  gravity.    Constants  of  Nature,  Part  i,  and  supplement — P.  W. 

Clarke 255,  288 

specific  heat.    Constants  of  Nature,  Part  ii— F.  W.  Clarke 276 

thermometrical — A.  Guyot 1.53 

Tablet,  Palenque— C.  Rau 331 

Tacchini,  p.    Evaporation  observed  at  Palermo  in  1865  and  1866.     (R.  1870.)    244 

Tampa  Bay,  Florida,  shell-heaps  of— S.  T.  Walker.     (R.  1879) 846 

Tangencies  of  circles  and  of  spheres — B.  Alvord 80 

Taste,  sense  of.     (R.  1866) 214 
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Taxidermy,  classification  of  collections  of  U.  S.  National  Museum  to  illustrate 

art  of— W.  T.  Hobnidat.     (P.  1881) ~- —  467,  456 

Taylor,  A.  8.     Grasshoppers  and  locusts  of  America.     (R.  1858) 109 

Tatlob,  F.  W.     Report  of  chemist  of  Smithsonian  Institution.     (R.  1880)...    442 

Taylor,  W.  B.— 

Henry  and  the  telegraph.     (R.  1878)., 841,  405 

Kinetic  theories  of  gravitation.     (R.  1876) 299,  395 

Memoir  on  the  scientific  work  of  Joseph  Henry ..-     ,.  ,  856,  339 

Refraction  of  sound.     (R.  1876) - - 298 

Report  on  improved  system  of  numeration.     (R.  1867) 216 

Thoughts  on  the  nature  and  origin  of  force.     (R.  1870) 244,  375 

Taylob,  W.  M.     Ancient  mound  in  western  Pennsylvania.     (R.  1877) 823 

Telegrams,  astronomical,  circular  relative  to— J.  Hekry 263 

Telegrams,  meteorological,  by  Western  Union  Telegraph  Company — H.  Siblky. 

(R.  1862) - 160 

Telegrams  read  at  memorial  of  Joseph  Henry 8M 

Telegraph — 

American  fire-alarm,  lecture  on  the — W.  P.  Chankino.     (R.  1854) 76 

electro-magnetic,  deposition  of  J.  Henry  in  relation  to.  (R.  1867).-  107, 116 
electro-magnetic,  Henry's  contribution  to— W.  B.  Taylor.  (R.  1878.)  841, 405 
electro-magnetic,  Morse's  invention— W.  B.  Taylob.  (R.  1878)  —841,  405 
electro- magnetic,  proceedings  of  Board  of  Regents  in  relation  to.     (R. 

1857) 107,115 

Henry  and  the— W.  B.  Taylob.     (R.  1878) 405 

hUtory  of  the— J.  Hknby.     (R.  1857) _ , 107,  116 

infiuence  of  aurora  on  the— W.  D.  Saboent.     (R.  1870) 244 

lines,  phenomena  in,  during  auroras — G.  B.  Donati.     (R.  1872) 271 

report  of  Committee  of  RegenU  on  the.     (R.  1857) 107,  115,  829 

stotement  of  S.  P.  Chase  relative  to  the.     (R.  1857) 107,  115,  329 

statement  of  L.  D.  Gale  relative  to  the.     (R.  1857) 107,  116,  829 

statement  of  James  Hall  relative  to  the.     (R.  1857) 107,  115,  829 

statement  of  J.  Henry  relative  to  history  of.     (R.  1857) 107,  115,  829 

statement  of  Charles  Mason  relative  to  the.     (R.  1857) 107,  115,  829 

Telegraphic  announcements  of  astronomical  discoveries — J.  Hbnby 263 

Telescope^ 

Henry  Draper's,  account  of— T.  W.  Wkbb.     (R.  1864) 188 

silvered-glass,  construction  of,  and  its  use  in  celestial  photography — H. 

Dbapeb 180 

Spencer's,  examination  of,  for  Hamilton  College,  Clinton,  N.T.  (R.  1855.)      77 

Temperature — 

chart  of  United  States  for  the  year— 0.  A.  Sohott 381,  388 

charts  of  United  States,  summer,  winter,  and  year — C.  A.  Schott 38T 
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Temperatare — Continued. 

in  ascending  currents  of  air,  laws  of  variation  of— J.  Hank.  (B.  1877.)  828,  898 
in  ascending  moist  currents  of  air,  laws  of  variation  of — L.  Sohnckb. 

(R.  1877)—- 823,  898 

mean,  best  hours  to  find— 0.  Dbwey.     (R.  1867;  R.^860) 107,  147 

observations  in  the  Arctic  Seas — I.  I.  Hates 196 

observations  in  the  Arctic  Seas— £.  K.  Kakx 104 

observations  in  the  Arctic  Seas— F.  L.  McClintook 146 

of  St  Louis,  Missouri— A.  Fxndlxb.     (R.  1860)  — 147 

tables  for  United  States  and  adjacent  parts  of  America — C.  A.  Sohott..  277 

underground— C.  A.  Schott;  J.  D.  Evbrbtt.     (R.  1874) 286 

Temperati^re — See  Kane,  Hayes,  Meteorology,  etc. 

Tempests  and  tornadoes,  distinction  between — J.  B.  Lamarck.    (R.  1871) 249 

Tennessee — 

aboriginal  remains  of— J.  Jonbs I 269 

Alleghany  region  of,  fishes  of— D.  S.  Jobpak;  A.  W.  Bratton 808 

antiquities  in— I.  Dillb.     (R.  1862) 160 

antiquities  in— B.  0.  Dunnino.     (R.  1870) 244 

antiquities  of— W.  M.  Clark.    (R.  1877) - 828 

antiquities  of— J.  Jonbs 259 

antiquities  of— D.  P.  Wright.    (B.  1874) 286 

Blount  county,  antiquities  of— A.  E.  Law.     (B.  1874) 286 

Chattanooga,  ancient  mound  near— M.  C.  Bbad.     (B.  1867) 215 

Bast,  mound  in— A.  P.  Danilsbn.    (B.  1868) — 187 

explorations  in— E.  A.  Dayton.     (B.  1870) — 244 

Hardin  county,  aboriginal  ruins  in— J.  P.  Stbllb.     (B.  1870)  .— 244 

herbarium  captured  in— H.  B.  Wirtz.     (B.  1862) __ 160 

Jackson  county,  antiquities  of— J.  Hailb;  J.  W.  MoHbhbt.    (B.  1874.)  286 

Nashville,  antiquities  of— B.  S.  Bobbrtson.     (B.  1877) 828 

Savannah,  aboriginal  ruins  at— J.  P.  Stbllb.     (B.  1870) 244 

stone  image  in,  discovery  of— E.  M.  Qrant.     (B.  1870) 244 

Terrestrial  magnetism — 

observations  on — W.  Harkness 289 

observations  on — J.  Lockb 35 

observations  on — Baron  von  Mullbr;  A.  Sonntao 114 

Terrestrial  magnetism — See  Bache,  A.  D. 

Terrestrial  physics,  articles  on.     (R.  1870) 244 

Tertiary  fossils,  presented — Imperial  Geological  Institute,  Vienna.     (B. 

1868) .— - —  18T 

Testing  building  materials,  on  mode  of— J.  Hbnrt.     (B.  1866)  — 91 

Testing  results  of  perspiration  and  respiration,  apparatus  for — M.  Pbttbnkofbr. 

(B.  1864) 188 
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Texas — 

hail  storm  in— G.  M.  Bache.     (R.  1870) Uk 

new  cretaceous  invertebrate  fossils  from,  descriptions  of— 0.  A.  Whttx. 

(P.  1879) ^ 88S 

ornithology  of,  notes  on — J.  C.  Merrill.     (P.  1878) 832 

plants  of,  collected  by  0.  Wright.    ParU  i,  ii— A.  Gray 22, 42 

zoological  position  of— E.  D.  Cope 412 

Thalassophila— W.  G.  Binney — 14S 

Th^nard,  L.  J.,  memoir  of,  by  M.  Plourens.     (R.  1862)  160 

Theoretical  researches — See  Plateau,  J. 

Theories,  kinetic,  of  gravitation— W.  B.  Taylor.     (R.  1876) 299,  395 

Theory- 
mechanical,  of  heat,  principles  of— J.  MtxLLBR.     (R.  1868) 224 

modern,  of  chemical  types— C.  M.  Wetherill.     (R.  1868) 187 

of  heat,  recent  progress  in  relation  to — A.  Cazin.     (R.  1868) 224 

Thermometer  scales,  table  for  conversion  of  centigrade  to  Fahrenheit.  (R.  1868.)    187 

Thermometer,  wet  and  dry  bulb,  tables  for — J.  H.  Coffin SI 

Thermometrio  observations 157 

Thermometrical  tables— A.  Guyot . 158 

Thompson,  T.     Mounds  in  Iowa  and  Illinois.     (R.  1879)  — 845 

Thoughts  on  the  nature  and  origin  of  force— W.  B.  Taylor.  (R.  1870).^  244,  375 
Thrushes,  description  of  two  new,  from  United  States— R.  Ridoway.  (P.  1881.)  467 
Thunder— 

and  lightning,  observations  on — S.  Masterman.  ^  (R.  1866) 77 

storm,  on  John  Wise's  observation  of  a— R.  ELare.     (R.  1864) 76 

storms,  instructions  for  observations  of— J.  Henry 235 

Tidal  observations — 

at  Wolstenholm  Sound— Com.  Saunders 180 

in  the  Arctic  Seas — I.  I.  Hayes 196 

in  the  Arctic  Seas— E.  K.  Kane 130 

Tide,  flood,  law  of  deposit  of  the— C.  H.  Davis 33 

Tides  and  tidal  action  in  harbors— J.  B.  Hilgard.     (R.  1874) 286,  390 

Tiffany,  A.  S.    Shell-bed  skull  from  Illinois.     (R.  1874) 286 

Timber  of  submarine  structures,  occurrence  of  Chelura  terebrans,  a  crustacean 

destructive  to— S.  I.  Smith.     (P.  1879) —    388 

Time  and  space,  lecture  on  relations  of— S.  Alexander.     (R.  1861) 149 

Tinneh  or  Chepewyan  Indians  of  British  America — G.  Gibbs  ;  W.  L.  Hard- 

isty;  S.  Jones;  B.  R.  Ross.     (R.  1866) 214,365 

Tipulidss,  monograph  of— R.  Ostbn  Sacken 219 

ToELLNER,  A.     Antiquities  of  Rock  Island  county,  Illinois.     (R.  1879) 846 

Tokio,  University  of,  catalogue  of  Japanese  woods  presented  by — L.  P.  Ward. 

(P.  1881) _ 467 
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Tompkins  county,  New  York,  ancient  fort  and  burial  ground  in — D.  Tbow- 

BRIDOB.     (R.  1868) - 187 

ToNBB,  J.  M.    Deed  of  foundation  of  Toner  lectures.    (R.  1872) —  271,  829 

Toner  lectures — 

No.  I.  On  the  structure  of  cancerous  tumors  and  the  mode  in  which  adja- 
cent parts  are  invaded — J.  J.  Woodward 266 

II.  Dual  character  of  the  brain— C.  E.  Brown-S6qitard 291 

III.  On  strain  and  over-action  of  the  heart — J.  M.  Da  Costa 279 

ly.  A  study  of  the  nature  and  mechanism  of  fever — H.  0.  Wood 282 

y.  On  the  surgical  complications  and  sequels  of  the  continued  fevers, 
with  a  bibliography  of  works  on  diseases  of  the  joints,  bones, 
larynx,  the  eye,  gangrene,  hsomatoma,  phlegmasia,  etc. — W.  W. 

Kekn - 300 

yi.  Subcutaneous  surgery,  its  principles,  and  its  recent  extension  in 

practice — W.  Adams.* 902 

'        yu.  The  nature  of  reparatory  inflammation  in  arteries  after  ligature, 

acupressure,  and  torsion — E.  O.  Shaksspeark 321 

yiii.  Suggestions  for  the  sanitary  drainage  of  Washington  city — G.  E. 

Waring,  Jr — i 349 

Tonto  Apaches,  notes  on  the— C.  Smart.     (R.  1867) 216 

Topography  of  Black  Mountain,  North  Carolina— T.  L.  Clinoman.  (R.  1866.)      77 
Tornado  in  Spruce  creek  valley.  Centre  county,  Pennsylvania — J.  B.  Meek. 

(R.  1871) 249 

Tornado  near  New  Harmony,  Indiana,  April  80,  1862— J.  Chappelsmith 59 

Tornadoes  and  tempests,  distinction  between — J.  B.  Lamarck.     (R.  1871) 249  . 

Tornadoes,  queries  relative  to— ^.  Henry 190 

Toronto^ 

Observatory,  instructions  by,  for  observations  of  aurora 1 148 

Observatory,  map  of  stars  near  North  Pole  used  by 360 

University.    ObjecU  of  the  museum.     (R.  1866) 209 

University.    Scientific  cooperation.     (R.  1861) 149 

Torrey,  John,  memoir  of,  by  A.  Gray.     (R.  1878) 276 

TORREY,  J.— 

Observations  on  the  Batia  maritima 60 

On  the  Darlingtonia  Calif  omicay  a  new  pitcher  plant  from  northern  Cali- 
fornia  , 61 

PIant«9  Prtoontiana,  or  descriptions  of  plants  collected  by  J.  C.  Fre- 
mont in  California ——I 46 

Tortoises,  North  American  land,  of  genus  Xerobaies^F,  W.  True.    (P.  1881.)  467 

Tortola,  great  hurricane  at— G.  A.  Latimer.     (R.  1867) 21^ 

Tortugas,  destruction  of  fish  in  vicinity  of  the— J.  P.  Jepferson;  J.  Y.  Por- 
ter; T.  Moore.    (P.  1878) __ _ 832 

Totten,  Gen.  J.  G.,  eulogy  on,  by  J.  G.  Barnard.     (R.  1866) 209 

Traces  of  early  mental  condition  of  man— E.  B.  Tylor.  •  (R.  1867) 216 
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Trade- 
ancient  aboriginal— 0.  Rau.    (R.  1872) 271,  440, 385 

language  of  Oregon,  dictionary  of  the — G.  Gibbs 161 

language  of  Oregon,  vocabulary  of  the — B.  B.  Mitchell;   W.  W. 

TURNBB 68 

Transactions — See  Geneva  Society,  Paris  Anthropological  Society. 

Transatlantic  longitude — B.  A.  Gould . 223 

Transfer  of  Smithsonian  library  to  Library  of  Congress,  act  of   Congr«>8  to 

authorize.     (R.  1866) _ _ 209,  828,  329 

Transformations,  lecture  on  insect  instincts  and— J.  G.  Morris.    (B.  1855) 77 

Transit  of  Venus  expedition  to  Kerguelen  Island — J.  H.  Kiddbr  and  others.  293,  294 

Transporting  specimens  of  DiatomaceoBj  directions  for — A.  M.  Edwards 866 

Transporting  specimens  of  natural  history,  directions  for — S.  F.  Baird.     (R. 

1856) ^. - _   91,84 

Trapezium,  gray  substance  of  the — J.  Dean 178 

Travels  in  Central  and  South  America— S.  Habbl 269 

Treasury  Department,  authority  given  by,  to  collectors  of  customs  and  others 

to  receive  and  transmit  specimens  to  the  Smithsonian 84 

Treasury,  Secretary  of,  letter  to,  on  payment  of  interest  in  coin — J.  Hkkrt. 

(B.  1865) 209,  828 

Treasury  of  United  States,  account  of,  with  Smithson  fund 828,  828 

Trees- 
forest,  distribution  of,  in  Montana,  Idaho,  and  Washington — W.  W. 

Johnson.     (R.  1870) _.    244 

of  Florida  and  the  Mexican  boundary — J.  G.  Coopbr.     (B.  1860) 147 

of  North  America,  distribution  of— J.  G.  Cooper.     (B.  1858) 109,  351 

Trinidad,  economic  geology  of— G.  P.  "Wall  ;  J.  G.  Sawkins.     (B.  1856) 91 

Tpochilid»— 

classification  and  synopsis  of— D.  G.  Elliot 31T 

in  collection  of  U .  S.  National  Museum,  catalogue  of— B.  Bidgway. 

(P.  1880) 425 

list  of— D.  G.  Elliot 834 

Troglodytes  of  Breckinridge  county,  Kentucky— B.  S.  Bobertson.  (B.  1874.)  286 
Troglodytes  or  cave  dwellers  of  the  valley  of  the  V6zdre — P.  Broca.  (B.  1872.)  271 
Trowbridob,  D.    Ancient  fort  and  burial  ground  in  Tompkins  county,  New 

York.     (B.  1868) - 187 

Troyon,  P.— 

ArchsBological  researches  made  at  Concise.     (B.  1861) 149 
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